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niEFACK. 

This work is devoted to a (loscription of the methods 
of «U.stillntiou as applied to resins, more particularly of 
(•ommon rosin (colophony) with its resulting products, 
rosin spirit, rosin oil, etc., and the fossil resins as used 
in varnish manufacture. 

In order to make the work more comprohensivo it 
was thought advisable to give an outline of the pre¬ 
paration of rosins from tho natural turpentuies and also 
of tho purification of tho fos.sil resiius. The plant used 
in tho various proco.sHos, inpluding steam distillation, 
tire figured tind described. 

As rosin oils are used very largely in the manufac¬ 
ture of printing ink.s, the methods of preparing the latter 
may ht> .said to come within the scope of this work, as 
also the production of'the various cai'bon pigments, 
lamp-black, vegetable-black, gas-black, etc., which are 
also tiHitd in tliis industry. 

The constant growth iu the use of tho typewriter has 
rosultetl in a great demand for typewriter necessities, 
.such us ty|>uwriter inks, manifolding papers, oti;. As 
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these are related to-printers' inks the author has con¬ 
sidered it of sufficient interest to include them. 

The preparation of many products from rosin, such 
as rosin soaps, rosin lakes, rosin lake pigments, and 
resinates, together with the application of rosin for 
sizing purposes, are also fully descz’ibed. 

The author ventures to hope that those who are 
interested in rosin and its products will find among the 
pages of this book something that may be useful. 
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UKHINS AND THEJU ITSKS. 

Tiik roHiiLs ari^ u claMs of orj^janii* sul>.stHii(*t‘M <lorivii<l for ilu* mast 
jmrt from vo^^otabh* sourcc^H. Th(\v muy bo clas-sifirsl into thrts^ 
groups: 

I, TIui HfHins l*ro]j(S'. 

± Tlui ()l(?o-lb'sinH or HuImuiuh. ^ 

•I Tln^ (him Uosins, 

'i'lio tirst^rcmpincludoHiunbor, copul, kauri, common r<i8in,HUti- 
darac, maatic, and ahtdlac, uai'd in vaviiisb manufacture, etc*., 
y;um b(m/u)in and ac;croi<ln.s, usctl Tor rumination or in inc(‘nm‘, 
'Pho Hccotid inclndc'H n^im thuH or scra])o—the natural iiii'- 

juaitine of ilu* pine, (■annda balHain, \'t‘ni(!e turpontinu, Htiusburn 
turpentine, (. -bias lurpciitim», uIho IN’ruvian balHum an<l Tohi bal¬ 
sam, UHcd in iiicniiHC and nmdicincH: \vliil<» tlm third n^'onp 
ineludiis iimmonhu'um, olibanum, ami asabntidu, c‘inploy<Hl for 
similar purpostsK. 

'rhc» chief use fif the ronins is in varnish manufacture, but 
common rosin is employed for a variety of purposes, c.^- soap- 
makinni hi the manufatdutc of resinntes, as a sisinn uiaterkl in 
pap(»r manufacturt*, and for many other purjxmm 

So lonn as tin* inlialxtants of the'Oontinout eontinod thorn- 
selves to workinn only tlui products of tj*(»t!H nJ'nwn in thoir own 
countries, the value of colophony or common rosin was by no 
int‘anH rcalmtsl, but on thtu)pcnin{,^ up of imm<«iH(i pine furosts 
of the ITuitcd States ami (•amulaits vnhu* b<mme upproeialod, 
and larfpj tpiantities of liitjb-<j:rad(i rosin wiw shipped to Europe 
so that in a vmy short, time it dominattMl the market and has done 
s(j ever since, the only other Hour<'e of any iniportauco beinjif 
Kranciu 

The incrottHu in the sujiply ul* common rosin and the cunHo- 
Hueut nshiction in pric(* naturally led to j^j’eater attention beinji; 
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paid to its properties and its utilization, the rosuK- hi'in*:;* fiuit 
to-day it is used in a number of industries, some nl tlmiu Ihmh^ 
very large, and more than one entirely dopemloiit. upnii il In 
the early period of the industry it was distilled in the same vvii\- 
as coal for the manufacture of illuminating gas, hnt altlHJUgrh 
suitable for this purpasc and yielding a lai’ge jaaventage of gas nf 
high illuminating power, it could not com|)(‘tt‘ with eoal in tin* 
matter of price, therefore it very soon eeastjd to he tise»l for this 
pm-pose. It was found, liowever, that in the dry distillation of 
rosin both a volatile spirit and ahoavi(‘r oil W(‘n^ obl-aiiiiMl, whieli 
under the names of rosin spirit and rosin oil are now used t.n 
a very large extent 

Rosin has acid properties and is <‘apable of eouddtiing with 
aljcalies, the resulting compounds being soluble in wntei'. 'rhe'^i* 
compounds resemble soaps in some of tlieir pi*o]n‘rtieH, henei^ they 
are known as rosin soaps, and largo quantities i)f rosin are em¬ 
ployed in soap inanufacturu. On addifeiou of salts of tln^ hi*Hv\ 
metals to solutions of the alkaline rosinates, ])r(!eipitates of in¬ 
soluble rosinates are formed. These can !«' used in phiei* of tin* 
more expensive resins in the manufacture of vaniislii's, tm»i, 
together with colour bases, also in the ])roilu(‘tion of eijlour 

The preparation and distillation of connium n)sin naturally 
occupies a considerable portion of tlie prcsiuifc work, but, in tirdn- 
to make it more complete, chapters an* add(j<l upon the dlMtillatinn 
of the varnish resin and oleo-resiuH, and tlndr apj>lirution in 
various industries. 

The sources of the varihus rosins and thoir ]>roj»i‘rlii*s arn 
givefi in the following cliapter. 
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paid to its propertias and its utilization, tlio rosult Ixnn^- that 
to-day it is used in a numW of iiidustrios, soiuo of hoin^f 
very large, and more than one entirely dependent upon it. In 
the early period of the industry it was distilled in the sani(‘ way 
as coal for the manufactm*e of illuminating gas, but nltliough 
suitable for this purpose and jnolding a largo percentage nl’gas of 
high illuminating power, it could not compote witli coal in tlie 
matter of price, therefore it very soon ceased to he \iHe<l for this 
purpose. It was found, howevei*, that in thi‘ dry distillation of 
rosin both a volatile spirit and alieavier oil wi're ol)tjiint*d, wliicli 
under the names of Josin spirit an<l rosin oil are now used to 
a very large extent. 

Rosin has acid properties and is capable of combining with 
alkalies, the resulting compounds being soluble in water, nu^se 
compounds resemble soaps in some of their properties, hoiUMi they 
are known as rosin soaps, and large quantiti(‘s of rosin an^ 
ployed in soap manufacture. On ad<lition of salts of heavy 
metals to solutions of the alkaline rosinatos, ])rocipltatt's oi iil- 
soluble rosiriates are formed. These can b(^ usesd in j)la(‘o of the 
more expensive rasins in the manufactnro of varnishos, und, 
together with colour bases, also in the production of colour lakes. 

The preparation and distillation of common rosin nuturallv 
occupies a considerable portion of tlio present work, l)ut, iti ordtu’ 
to make it more complete, chapters an' added upon tlm cUstillation 
of the varnish resin and oleo-resins, ajid their a])plication in 
various industries. 

The sources of the varibus rosins aiid tliuir piv>pprtl(»,s are 
giveh in the following chapter. 



CHAPTER I 


BESINS : THEIR SOURCES AND PROPERTIES. 

As before stated, resins may be divided into three classes: 
Resins Pi-oper, Oleo-Resins, and Gum Resins. 

1. Resina Proper ,—The resins are exudation products of 
various trees found either in the “fossU state in the soil or sub¬ 
soil or as exudation products of living trees; they are yellowish^ 
brownish, or reddiali in colour and varying from transparent to 
opaque. They are usually brittle and break with a conchoidal 
fracture, often exhaling a shght odour resembling turpentine. 
They differ somewhat in physical and chemical properties, but the 
specific gravity in all cases is only slightly above that of water. 
The “ fossil ” resins are the hardest and most difficult to dissolve. 
The acid character of resins is usually well marked; they contain 
l)e8ides resin acids, resin esters, resin alcohols, and neuti'al bodies 
known as reaenes, and in some cases hydrocarbons. 

2. OleO’Reaina .—The oleo-resins are exudation products, either 
natural or induced by incision, from a variety of trees. In their 
fresh condition they are viscous liquids with pleasant odours, in 
some cases resembling turpentine, in others aromatic. On ex¬ 
posure to air they gi-adually harden by loss of their volatile con¬ 
stituents, and by oxidation to' form soft solids, or in some cases 
even hard crystalline masses. They may be colourless, yellowish, 
brown, or nearly -black. Usually they contain resin adds and 
essential oils, but the aromatic balsams contain benzoic and cin¬ 
namic acids, esters of these acids, and other constituents. 

3. Qum Resina —The gum resins likewise form exudations 
or are obtained by incisions, cutting, or burning various plants. 
They exude in the form of milky fluids which harden to warty 
masses or tears. They are brittle or tough,. white, yellow, or 
brown, and consist of resin and other acids, esters, and carbo¬ 
hydrates or gums. 


(3) 
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Resins Proper. 

Amber. —Amber is the oldest of the resins, being found in a 
stratum of blue earth belonging to the ci’etaceous system. It is 
supposed to have been derived from a species of conifer which 
has been named Pinites succinifer. The chief deposits are at 
Palmniken, near Konigsberg, in Eastern Prussia, where it is mined 
under the monopoly of the German Government. It is also ob¬ 
tained by dredging off the coast at Kurischer Half, near to Memel, 
and is collected on the shores of the Baltic, being washed ashore 
by the sea. 

Amber is a very hard and brittle resin, varying in colour 
from pale yellow to deep brown. It is sometimes perfectly clear 
and transparent, but usually more or less cloudy or opaque. It 
occurs mostly in small flat pieces, but sometimes larger pieces ai’e 
found. The best pieces ai*e used for ornamental work, pipe 
mouthpieces, and beads, the smaller fragments in varnish manu¬ 
facture. 

Amber has a specific gravity of 1‘065 to 1’094 and melts at 
310° to 320° C. It is a difficult resin to manipulate, but amber 
varnish is the most durable varnish in existence, and naturally 
fetches a very high price. It is, however, now rarely used. 

Copals. —There are many kinds of copal, usually distinguished 
by the names of the localities from which they are obtained. 
Perhaps the best of these is Zanzibar copal. East African copal, 
or animi. This is usually found in the “ fossil condition in the 
soil at a depth of 1J to 3 feet, and when raised is covered with a 
red earth, whidi after removal by scraping and washing leaves 
the resin with a peculiar reticulated surface, which, owing to its 
appearance, has received the name of “goose skin**. Zanzibai* 
copal is found in small flat rounded pieces of a light yellow to 
deep brown colour, transparent or slightly clouded. It is very 
hard, has a specific gravity of 1*06 to 1'07, and melts between 
220° and 250° C. Another variety of Zanzibar copal is obtained 
from living trees—said to be Trachylobiwm Mossambicenae — 
and is inferior in quality, melting at about 140° C. 

West African copal is also found in the “fossil” or “semi- 
fossil ** condition, and is regarded to be the product of Quibortia 
copallifera, forests of these trees having at one time covered the 
areas where the resin is now found. The reSins are usually found 
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embedded in a red earth, while a red crust frequently adheres 
to them. This is removed by washing* and scraping Several 
varieties of this copal are known commercially, being distinguished 
by the names of the districts from which they are obtained. 

Sierra Leone copal is found in irregular more or less angular 
fragments which are either colourless or faintly yellow, clear and 
transparent, very hard, with a specific gravity of 1*054 and a 
melting-point of 250° to 275° C. Angola copal occurs in flat 
rounded or discoidal pieces covered with a red crust. The 
cleaned resin i? usually colourless but sometimes yellow, has a 
specific gi’avity of 1*065 and melts at 245° C. Behguelo copal 
is similar to that from Angola, but rather harder, is yellowish 
or reddish, has a specific gravity of 1*066, and melts at 180° C 
Gaboon copal is in round flat masses, some of which are smooth 
on the surface, others covered with a crust; it has a pale brown 
colour and is transparent. Loango copal occurs in cylindrical 
fragments, some being white, others red, the red variety being 
regarded as the harder of the two. Congo copal has a melting- 
point of 190° C. Acci’a copal is more recent and softer, melting- 
point, 120° to 180° C. 

Kauri Resin is sometimes classed as a copal; it is the 
product of Dammar a Australia, and is found in a “ fossil 
state in the North-Eastern portion of the Auckland Provincial 
District of New Zealand. It is sometimes found in large blocks 
weighing up to as much as 110 lb.; the pieces are angular or 
nodular. Colour, pale yellow or brown, transparent, cloudy or 
opaque. Has a slight odour, resembling that of rosin. Specific 
gravity, 1*06 to 1*08. Softens at 56° C. and melts freely at 
150° C. 

South American or Deoiierara Copal is the product of 
Hymencea Courharii, a native of British Guiana. It is a ‘‘ fossil 
resin ” found in the soil and sometimes occurs in large masses up 
to 12 lb It is usually covered with a crust, but the resin itself 
is clear and transparent, has a specific gravity of 1*03, and melts 
at 240° to 260° C. 

Manila CoiiaL —There are fcwo varieties of copal from the 
Philippine Islands, the one hard and melting at a high temperature, 
the other soft and more readily affected by heat. According to 
Weiss the former is from Dammara orientalis and the latter 
from Valeria Indica, The hard copal appears in rounded pieces. 
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pale yellow in colour, transparent to opaque; specific gravity 
1*062 and melting-point 110° to 121° C. The soft copal occurs in 
large irregular masses, yellow or brown in colour, softening at 
105° C. and melting entirely at 14f0° C. 

Sandarac is obtained from Callitria quadrivalvist a tree 
indigenous to Northern Africa. The resin exudes naturally, but 
is also obtained by incision, and is collected only in the province 
of Haha, Morocco, and is exported from Mogador. The sandarac 
occurs in cylindrical usually more or less curved rods, or in tears; 
it has a very faint yellow colour, almost white, is opaque or 
translucent, brittle, melting-point 160° C., specific gravity 1*038 
to 1*092. 

Damma/i \—The term dammar includes resins from several 
distinct species of trees. They are usually known by the names 
of the islands or districts from which they are obtained, e.g. 
Padang, Borneo, Singapore, Pontianak, Sumatra, Batyan 

Singapore dammar is obtained from the Amboyna pine— 
Lammara orientalia. It is white or pale yellow in colour, friable, 
and has a slight agreeable odour. The specific gravity of this 
resin is 1*062 to 1*123, and its melting-point 127° to 160° C. Rock 
dammar is derived from two species of Hopea, JST. odorata from 
Burma and H, micrantha from Malacca, Sumatra, ^.nd Borneo. 
The former occurs in rounded pieces of a pale yellow colour, the 
latter is darker coloured and somewhat harder. Sal dammar 
comes from Shorea rohuat^ a native of the country bordering on 
the Himalayas; it is also found in Bengal, Borneo, etc. The resin 
is in the form of cream-coloui‘ed long rods, opaque. Specific 
gravity 1*097 to 1*123, Black dammar is the product of several 
species of Canarium (principally C, striotv/m) growing in India, 
Burma, Rangoon, and the Malay States. It is obtained by inci¬ 
sion, also by cutting down the tree, and firing the roots; after a 
time it oozes from the cut surface. It occurs in large black or 
brownish-black masses, but is transparent in thin flakes; its 
specific gravity is 1*09. 

Mastic is the product of Piatacia lentiacvs which grows in 
Spain, Portugal, Italy, Greece, and the islands of the Eastern 
Mediterranean, also in Northern Africa. The supply comes 
chiefly from Chios, and is ‘obtained by incision of the trees. The 
resi 4 appears in the form of yellowish or pale greenish translucent 
tears, sometimes in cakes. It is very brittle, has a pleasant 
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aromatic odour when fresh, softens at 80° C„ and melts at 106° to 
120° C. Its specific gi*avity is 1'04 to 1’07. 

Accroides or Acaroid Re&in, —There are two varieties of 
accroides, distinguished as red and yellow. They are obtained 
from several species of Zanthorrh(£a, natives of Australia. The 
red variety is obtained from Z. auatralis, and the yellow from 
Z. haatilia, Z, arborea also yields tliis resin. The accroides 
resins ai’e somewhat peculiar, consisting of an agglomeration of 
different coloured resins, red, brown, green, yellow, in large masses, 
so that it resembles a granitic rock in appearance. It is opaque, 
very brittle, and has a pleasant odour, resembling benzoin. It 
contains cinnamic, benzoic, and paracoumaidc acids. 

Shellac —Shellac differs in its origin and in its properties 
from all the other resins. It is deposited as a secretion on several 
species of trees by an insect, Oocoubs lacca, which feeds upon the 
tree and surrounds itself with this material which is elaborated 
in its body Large numbers of these insects and the larvsB are 
imbedded in this lac which covers the twigs. After swarming, 
the twigs are removed (stick lac), the lac scraped or beaten off, 
boiled with water to remove dye, melted, and strained through 
cloth. It is then drawn into thin sheets, which, after breaking up, 
are known as shellac. The coarser varieties, known as button 
lac and ruby lac, are more impure and are also adulterated with 
large quantities of i*osin. Shellac is produced in large quantities 
in various parts of India, in Siam, Assam, Burma, and the Shan 
States. Pure shellac is in the form of thin orange-coloured scales. 
Ruby shellac is in thicker scales of a dark red colour. Button lac 
is brown and appeal’s in thick discs like buttons. It is hard and 
brittle; specific gravity 1’139 to 1*214, melting point 77° to 83° C. 

Roain or Colophony, —This is the residual solid matter left 
in the still after the distillation of cinide turpentine for the pro¬ 
duction of oil of turpentine. Moat of the rosin on the market is 
American rosin from Finua AvstT^alia and other species of pine, 
but a considerable quantity is also obtained in France from Pa 'tn 
mariiirria. During the last few yeai's rosin and turpentine liave 
been produced in India from Pinna Kaaya. The rosin while still 
in a liot and fluid condition is run direct from the still into 
roughly constructed barrels in which it soon solidifies, forming a 
solid block. The roain varies in colour from very pale yellow^ to 
dark brown or black, according to tlie quality of tlie turpentine 
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and the method of distillation. It is transparent, very brittle 
easily pulverized, and readily breaks to pieces even by a s ig i 
beat, such as that of the hand. It softens below the boiling-j^in 
of water and is quite fluid at 100“ C. Specific gi'avity 1*044 to 
MOO 

Manila elemi is the product of Ga'r^num (mimune. 
and is collected in the Philippine Islands. It is quite fluid when 
fresh but usually appeal’s as a soft brittle solid with a peculiar 
vitreous but dull appearance. It is yellowish or greenish iii 
colour, more or less mottled, opaque, and has an odour resembli^ 
turpentine. It softens at 75° to 80° C. and is quite fluid at 120° C. 
Specific gravity 1*018 to 1*088. Elemi is employed in the manu¬ 
facture of printing inks and also of varnishes. 

Several resinous products resembling elemi are obtained in 
Africa; for instance “Luban matti,” from BosuclHd FveTicLTKttii^ 
a similar product obtained in Somaliland 

Oum Benzoin —This well-known balsamic resin is obtained 
in Siam from the Styrax benzoin. This is the finest (quality 
of benzoin. Othei’ varieties derived from the same tree or from 
other species of Styrax are known as Palembang, Sumatra, 
Padang, and Penang benzoins, being obtained from the localities 
named Siam benzoin is usually very free fi’om impuidties, and 
occurs in the foim of reddish-yellow teal’s or brown masses with 
a cream-coloured or white interior. The other varieties show 
more or less impurities; the}^ are in greyish-brown masses with 
cream-coloured or white almond-shaped masses (amygdulos) im¬ 
bedded The resin is soft and brittle, has a very pleasant odour ol 
incense, and very easily melts on heating, giving off wliito fumes 
of benzoic acid together with some volatile oil. This resin con¬ 
tains benzoic acid, both free and combined as estei’s, and is usecl 
as the source for the preparation of pure medicinal benzoic acitl 
and for other pharmaceutical piUTposes ; it is also used in tho manu¬ 
facture of French polish. 


Oleo-Resins. 

Gum Thus or American Frankincense —This is tho natural 
turpentine of the long leaf pine {Pinna Au8trali3\ wliich gi'OWH 
extensivelj’^ in the United States. Similar products are, however, 
produced from other species of pine. Gum thus exudes in tln^ 
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form of a thick fluid, but on standing^jt solidifl^s^l^* 

soft yellow mass which subsequently 

line, opaque mass. The amount of oil vane9***^th ag€A, l/5t on 
distillation from 16 to 20 per cent is obtained. This is pure oil of 
turpentine. 

French or Bordeaux Turpentine, also called Gallipot,” is 
the natural turpentine obtained fi-om Pinus onaritima, which 
grows extensively in Gironde, Garonne, and South of France. It 
resembles gum thus in most of its properties. 

Russian Tv/rpentine is the oleo-resin obtained from the 
Scotch fir {Pinus sylvesi't'is). On distillation it yields a tur¬ 
pentine with a heavier odour than the American and French 
varieties, for which reason the distillate requires careful rectifica¬ 
tion. 

Finland Tv/rpentine comes from the same source as the 
Russian variety. 

German Turpentine is derived either from Pinus sylvestris 
or from P. rotunda. 

Austrian Turpentine is the product of Pinus lar%c%o. 

Jiora Turpentine, also known as spruce turpentine, comes 
from the spruce Picea vulgaris. It contains about 32 per cent 
of essential oil. 

Hungarian Turpentine is from Pinus pumilio or from Picea 
montana. 


Strashurg Turpentine or Alsace Turpentine is obtained 
from the silver fir, Pinus picea or pectinata {Abies excelsa). It 
lias an agreeable odour, somewhat resembling that of lemons 
Venice or Larch Turpentine is the oleo-resin of the larch, 
Larix decidua or L, Europoia {Pinus larUc), It is collected 
principally in the Tyrol. It is a very viscous liquid of a yel¬ 
lowish or gi’eenisli-yellow colour and characteristic pleasant 
turpentine odour. It contains about 15 per cent of essential oil, 
70 per cent of rosin, and 15 per cent of resenes. 

Chios Turpentine is obtained from a species of Pi8tach^a 
(P. terehinthina or P. vera), growing in Chios and other islands of 
the Eastern MediteiTanean. Its specific gravity is about 1'050 
Canada Balsam, Balsam of Fir, or Balsam of Gilead is 
obtained from the balsam fir {Abies Canadensis, A, balsamea) 


growing in North America. The product is almost solid at the 
ordinary temperature but forms a viscous liquid on gentle heat- 
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ing; it is transparent and veiy pale yellow, almost colourless^ 
with an odour somewhat like that of turpentine. On distillation 
it yields 15 to 25 per cent of an essential oil and leaves a clear 
glassy resin. 

Gopaiha Balsam is obtained in various districts in South 
America from Gopaifera miUtijuga, also from G, Langsdorlii 
and G. coriacea. There are several varieties known as Maturin, 
Mai*anham, Maracaibo, Para, and Cartegena balsams. It is a 
viscous liquid with a pale yellow, golden-yellow, or brown coloui^ 
Specific gravity 0'916 to 0*969, yields 40 to 60 per cent of an 
essential oil on distillation. 

African or IlluTin Balsam is a similar although inferior pro¬ 
duct, sometimes used as an adulterant of the genuine article. 
This is also probably derived from a species of Gopaifera, The 
specific gravity of Illurin balsam is 0*986 to 1*000. 

Storax ; Liquid Storax is the product of Liquidamhar orien- 
talia, a tree growing in Asia Minor. It is a thick, viscous liquid 
with a yellowisli or greyish coloui* aud an agreeable odoui' like 
tliat of vamlla. Another variety of storax is obtained in America 
from Liqaidambar styracijlaa. 

Balsam of Tolu is obtained from Myroxylon toluifera 
{Toluifera balsamum), growing in Colombia, Tolu, and Vene¬ 
zuela. When recently obtained it is in the form of a yellow 
transparent liquid, but it clianges quickly to a yellowish-brown 
friable solid. It has a very pleasant incense-like odour, and con¬ 
tains both benzoic and cinnamic acids as well as aromatic esters 
It has a specific gravity of 1*137 to 1*160 and melts at 60“ to G5° C. 

Balsam of Peru is obtained from Myroxylon Perevroi, grow¬ 
ing in West Central America. The balsam is fluid at first but 
becomes solid on keeping. Colour, dark reddish-brown, trans¬ 
parent, and lias an odour of vamlla. Specific gravity 1*175 to 
1*160. Contains esters of benzoic and cinnamic acids. 

Gum Resins 

Dragon's Blood is the product of Calamus draco {Dcemonorops 
draco\ a native of Eastern Asia. This product appears as a red 
friable mass on the fruit of the tree tuid is obtained by shaking 
ofi. It is melted and cast into rolls Dragon's blood comes from 
Singapore, Batavia, and other poits in Asia. It is a brownish- 
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blftck vitreous mass yielding a blood-red powder. Its specific 
gravity is 1*16 to 1*2. On heating it melts at 120° C. and is 
stated to yield benzoic acid. 

Gamboge is derived from Garcinia morella and other species 
of Garcinia, natives of Siam and Ceylon. The gum resin ap¬ 
pears in the form of pipes or cylindrical pieces J to 3 inches dia¬ 
meter, being cast into hollow bamboo canes. It is pale yellow or 
reddish-yellow in colour, vitreous appearance, opaque, brittle. 
It is used as a water-colour pigment, forming a yellow emulsion 
with water. 

Gua/iacuon, —This is a peculiar gum resin from Guaiacum 
officinale, a tree growing in the West Indies. It is in the form of 
greenish-brown resinous masses, opaque except in thin films where 
it is seen to be transparent. It melts at about 85°. Guaiacum 
is mostly used in medicine, and is also a useful teat for blood and 
what are known as oxydases with which it yields a bright blue 
colour. It contains 87 to 96 per cent of resin soluble in alcohol,. 
3 to 10 per cent of true gum, and about 2 per cent of mineral 
matter. 

Frankinoenae or Indian Olibanum is an aromatic gum 
resin obtained from Boswellia Garterii and B, aerrata which 
grow in British Somaliland and the Hadi*amut of Arabia. It is 
in the form of a transparent golden-yellow semi-fluid product 
which slowly hardens and then appears as small tears or granules 
which are brittle, dull yellow in colour, and covered with a fine 
dust. 

Bdellium. —The African bdellium is obtained in Senegal from 
Gommi/phora Africana. It is in the form of oval or round 
masses with a fatty lustre. On warming becomes soft and plastic. 
East Indian bdellium is derived from Balaamodendron Indicum 
and appears in x’ough masses agglomerated together, similar to 
myrrh in appearance, dull and dark brown in colour, more or less 
contaminated with impurities. 

Myrrh. —The ordinary myrrh known as Herabol myn-h is ob¬ 
tained in Abyssinia and Arabia from Balaamodendron My'i^ha^ 
It is in the form of yellowish-brown or reddish masses with a 
greasy lustre. Specific gravity 1*12 to 1*18. Has a strong odour 
?ind persistent bitter taste. Contains 57 to 59 per cent of gum, 
some resin, and 7 to 8 per cent of a volatile oiL Bisabol myn'h 
is obtained From Balaamea erythera, a native of Somaliland. The 
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drug resembles the preceding but has a less powerful taste. It 
contains 42 per cent of gum, 21 per cent of resin, 7*8 per cent of 
essential oil, and small quantities of bitter principle, water, and 
impurities. 

Asafcetida is a gum resin derived from Ferula narthex^ F, 
scorodoama, and other species which grow principally in Persia. 
It occurs in the form of tears or in masses often very impure or 
largely adulterated with sand and stones. When pure it contains 
60 per cent of resin, 25 per cent of gum, about 6 per cent of a 
peculiar ethereal oil, and other constituents. 

Oalbanum is obtained from Ferula galbaniflua and allied 
species growing in Persia. It occurs in tears or masses of a grey, 
yellow, or greenish colour, with a waxy lustre. Contains resin 
63'5 per cent, gum, etc., 27 per cent, ethereal oil 9*5 per cent. 

Ammoniac or Ammoniacv/m is obtained from Dorema am- 
moniacumf growing in Persia. The gum resin appears as greyish- 
white tears or masses which are yellowish on the surface, brittle. 
The African ammoniac is fx’om Ferula communis {F. tingitana), 
a native of Morocco. This is in the form of small dark granular 
or tear-like conglomerations, brittle. Contains resin 65 per cent 
and gum 12 to 26 per cent. 

Scamnnonium, Scammony. —This is obtained from Gonvol- 
vulua acammonia, a native of Syida, and is exportedjfrom Aleppo 
and Smyrna. Scammony occurs in the form of greenish-grey 
opaque masses, or black lumps, waxy lustre, and has a disagi'ee- 
able flavoui’ Specific gravity 1*142 to 1*160. The drug contains 
a peculiar resin—scammonin—to which its medicinal properties are 
due There is also a Mexican scammony from Ipomea oriza- 
henaia, 

Euphorbium is from Euphorb%a reainifera and other species 
of Euphorbia, natives of Morocco. It is in the form of yellow 
lumps with a duU lustre, easily powdered, very disagreeable 
burning tasta Contains a resin soluble in ether about 27 per 
cent, resin insoluble in ether 14 per cent, “ Euphorbin " 35 per 
cent, gum and salts 22 per cent. 
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' BOSIN OR COLOPHONY. 

Among resins in general, rosin from pine trees is the most im¬ 
portant, by reason of the fact that it occurs in larger quantities 
than any other resin, so that it forma the raw material of several 
large industries. There is a whole family of trees, all of which 
yield rosin, but all of them do not belong to the genus Pinna, 
although that genus gives far more of the product to commcTce 
than do trees belonging to the genera Larix and Abies. The 
following is an account of the cliief trees from whicli we obtain 
rosin. 

Pinus sylvestris, P. vvXgaris, or P. nigruy the comiiiou pine* 
(the Scotch fir), occurs in many varieties and is specially common 
in Alpine countries. ITiis tree is the chief source of Geimian and 
Russian rosin. The pines native to the limestone Alps are 
specially rich in rosin. They are known to botanists as Pinna 
nigrioana. 

French rosin also comes from P. nigricanSy but most of it is 
obtained from P. maritima (the maritime pine), which is specially 
common on the south-west coast of Prance, and of which large 
forests are there cultivated. 

American rosin, now of the greatest importance to all rosin 
industries, comes from the swamp pine, P. pahistris or P. AuatraliSy 
which forms gigantic forests in the United States and in Canada. 
The quantity of American rosin placed annually upon the markets 
of the world is enormous. Thanks to the skilled inann(ir in 
which it is obtained, the American is quite as goo<l as any 
European product, and the vast output enables it to be sold at a 
price which has excluded the competition of European soi’ts iu 
many places. 

Besides the above-mentioned trees, many other conifers yield 
resins, but we prefer to use the half-liquid balsams containiiiL^ 

(13) 
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the resins as they are, without further preparation. These 
halsama are usually known as fine turpentines. The chief kinds 
are: Venice turpentine, from the trunk of a larch, Larix decidua; 
Hungarian turpentine from Pinua pumilio, obtained by cutting 
off the ends of the twigs and gathering the liquid which flows 
from the wounds; Carpathian turpentine, or Cedro balsam, which 
is the product of Pinua eembra; Strasburg turpentine, obtained 
from the white pine, Abiea alba or Abiea excelaa; Canadian 
turpentine, or Canada balsam, from the balsam pine, Abies 
balsamea^; and lastly Chios turpentine, or Cyprus turpentine, 
from PiatacicL terehmtkina and P. vera of the Grecian Archi¬ 
pelago. 

Ethereal oil and resin can be obtained from any of these, but 
as already stated, the products ai'e put on the market as they 
flow from the trees, and are used in that condition, and not as 
raw materials for the preparation of secondary products. 

Collection of Rosin. 

In the trees, rosin often occurs in special vessels, known as 
Tosin-ducte, the rosin in these appearing to take no part in the 
life-processes of the tree. We occasionally also find larger re¬ 
ceptacles in the tree, called rosin pouches. These do not usually 
contain rosin, but are filled with a semi-fluid balsam consisting 
of essential oil and rosin. 

Most of the crude turpentine is obtained by cutting the tree 
somewhat deeply and collecting the product as it flows out. 
la general the bark is removed from about a quarter of the cir¬ 
cumference of the tree, and to a height of 40 to 60 inches. A 
dish-shaped cavity is then cut at the foot of the trunk, and 
thin slips of wood, which are fixed slantingly in the stripped 
part of the tree, lead the outflow into the cavity, from which it 
is removed from time to time. Another method is to fix cups to 
the tree below the cuts into which the turpentine flows, and from 
which it is removed from time to time. Tliis method is not so 
destructive to the tree as cutting a box in the trunk. 

Dui’ing the summer a yellow tough sticky mass with an 
aromatic smell oozes from the stripped part of the trunk. This 
mass is chiefly composed of a solution of rosin in essential oil. 
When the sap retreats in the late autumn the flow ceases till 
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next spring, when the bark is removed higher up. In the course 
of 3 '^ears, the trunk becomes partlj"- deprived of its bark up to a 
lieight of 17 to 20 feet. Many trees will yield for twenty yeara 
Finally, however, the summer outflow becomes so small that it 
310 longer pays to exploit the tree further. 

The crude rosin, when poured into casks, divides into two 
laj'ers, a small watery layer containing albuminous matter and 
iuineral salts, and a far deeper lower sti’atum having a strong 
balsamic odour. The lower stratum consists of essential oil, 
rosin, and various otlier bodies which ai'e to be regarded as 
accidental impurities. Splinters of bark and wood, the acicular 
leaves of the tree, as well as earth and stones, ai*e usually found 
among these impurities. The watery lajm!- is rejected as useless. 
To obtain pure rosin from the other product it is subjected to 
distillation, when tlie essential oil passes over and is condensed. 
The rosin remaining in the still is in a fused state and Altered 
while still liquid, so as to remove from it the vegetable and 
mineral debris above mentioned. The lower stratum is brown 
and thick. 

In former- times the distillation was always executed with 
very primitives apparatus. With the more modern plant a much 
better quality of oil of turpentine and a much paler and less de¬ 
composed rosin are obtamed. The old apparatus consisted of a 
copper still heated over an open fire. In such a plant when the 
water and tuirpentine had distilled off, the residual rosin assumed 
a thick and viscid consistency, and since it is a very bad con¬ 
ductor of heat, it was practically impossible, with an open fire, 
to prevent those pairts of the rosin which were in contact with 
the bottom and sides of the stiU from undergoing decomposition. 
This not only darkened the rosin but caused the turpentine to be 
contaminated with rosin oils resulting from the decomposition. 

Distillation op Crude Rosin by Steam. 

The most suitable process for distilling crude turpentine is 
with superheated steam. Under ordinary pressure water boils 
at 100° C., the boiling-point of turpentine being 160° C. 
Hence steam at this temperature, i.e. under pressure, is able to 
drive oflT all the oil of turpentine. This temperature always 
gives a very pale yellow resin. But turpentine oils volatilize in 
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water-vapour at much lower temperatures. Therefore if we 
make the crude rosin fluid by heating it to 100° C., and then 
blow steam through it, the steam will carry off all the turpentine. 
The rosin can then be dried in the still, and filtration alone is 
required to obtain it in a perfectly pure state. The use of super¬ 
heated ste^m has the further advantage that it enables very large 
stills to be used. Many are in use which are capable of holding 
10 tons of ci*ude rosin at a time, and as four distillations can be 



Fig. 1. 


completed daily, 40 tons a day can be handled with a single 
still of this capacity. 

Pig. 1 shows the construction of a steam still for the distilla¬ 
tion of crude turpentine. 

The cylinder C, made of stout iron plate, is enclosed in a second 
iron cyUnder M, the intei-mediate space being about 4 inches 
wide. When the steam-cock D is opened, steam enters this 
cavity, and rapidly heats up the contents of 0. There is a second 
tap Dj, whereby steam can he admitted to the interior of C 
through a flat coil having a number of small holes on its under¬ 
side. A second cock Do, admits steam to the upper part of the 
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interior of C, where the pipe has a plain opening A large open¬ 
ing 0 is provided at the top of 0 for charging the still; this is 
filled with a steam-tight cover. In the middle of the top of C is 
the hat-shaped dome H. Through this passes a rod governing 
the valve V attached to its lower end. A thread is cut in the 
rod which works in a nut closing H, so tloat on turning the rod 
by the small wheel shown, the valve V can be either closed upon 
or lifted from its seat, so as to run the resin into the filtei' F. 
The cock Dg regulates the tube leading from the still to the worm 
K in the condenser. The filter F is screwed to the bottom of the 
still, and consists of two conical iron vessels fixed base to base, 
and holding a wide-meshed piece of wire gauze over which a 
linen cloth is stretched. 

When C has been about three parts filled with the crude 
rosin through O steam is admitted first to the jacket The rosin in 
C rapidly becomes liquid. The condensed water is drained from 
the jacket by the pipe W. When the rosin is all melted, Dj is 
opened, which sends the steam into C where it streams through 
the resin from the holes in the coil. This at once causes a dis¬ 
tillate to appear in the receiver,^ consisting of oil of turpentine 
and water. This part of the process is continued until nothing 
comes over but water, whereupon is shut. The operator then 
waits until water ceases to flow from the worm. This shows 
that the rosin in C is dry. He then shuts Dg and lifts the valve 
V by the wheel above H, and at the same time the cock is 
very gradually opened. The pressure of the steam thus admitted 
forces the fused rosin through the filter. It is of very great im¬ 
portance to admit the steam above the rosin gradually, for a too 
sudden application of pressui*e would probably tear the filter 
cloth. Tlie pressure is regulated by means of D, in such a way 
as to produce a uniform flow through the filter into the receptacle 
Ijelow it. Wlien nearly all the rosin has run out, Dg and V are 
shut, and the still at *once filled with a fresh charge of crude 
turpentine. The second and subsequent distillations occupy less 
time than the first, the apparatus being already hot when the 
crude material is introduced. 

■ When the temperature of C is sufficiently high distillate begins 
to flow from the worm, it has at first a milky appearance, being 

2 Not shown in tte figure. It receives the condensed products from K. 

2 
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an emulsion of oil of tui’pentine in water. On standing in the 
receiver this milky liquid separates into two sharply defined 
layers, water below and turpentine above. After this separation 
has taken place the water is drained off through a cock in the 
bottom of the receiver. 

This method of separating the tui'pentine and water cannot, 
however, be recommended. Oil of turpentine absorbs oxygen from 
the air with great avidity, and by so doing it thickens, becomes 
yellow, and acquires great bleaching power, as it contains the ab¬ 
sorbed oxygen, at fii’st in the form of peroxides. If an orgai^ic 



dye is dissolved in oil of turpentine which has been left for some 
time in contact witli the atmosphere, it will be found that the 
dye is nearly entirely bleached by the peroxide in tlie oil. A 
very simple apparatus is shown in Fig. 2, whereby this injurious 
action of the air can be entirely prevented. 

B is the vessel in which the distillate is received. Its upper 
ceiflgie is provided with an iron gutter E, running around it. 
'The ;gutter is about indies wide and 4 inches deep. This 
{gufijter receives the edge of the cover D. The end K of the 
worm passes through a hole in D. A gauge glass is fixed to tlic 
side of B, so that the amount of liquid in B can be at once per- 
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ceived. A tube IT is fitted in the bottom of B, and opens freely 
as shown, with a downward curve. At the beginning of the 
distillation R is filled with clean water so as to make the cover 
air-tight. But K does not fit air-tight into the hole in D, for the 
air must be allowed to escape from B, as it becomes filled with 
the distillate. After a time the height of the distillate is such 
that water commences to fiow from U and then flows away con¬ 
tinually as fast as it distils over. When the oil of turpentine has 
accumulated in B until little else is present the contents are 
allowed to stand for a few days to ensure a perfect separation, 
after which the small amount of water remaining is run out by a 
cock at the bottom of B. 

The first accumulation of turpentine on the surface of the water 
partly evaporates, its vapour affording a complete protection to 
the liquid portion from any traces of oxygen present. The oil 
of turpentine is thus obtained perfectly colourless, free from 
absorbed oxygen, and having strong refractive power and an 
aromatic smell. 

The rosin which has passed the filter forms on cooling a pale 
yellow mass, occasionally showing a reddish tinge. It is usually 
as transparent as glass, and has neither smell nor tasta It is, 
however, very brittle, and soon loses its transparency with the 
shocks it experiences in transport, owing to its becoming traversed 
by numberless small cracks. 

Pure rosin dissolves freely in essential oils and in caustic soda 
or potash lye. When it is boiled with a solution of carbonate of 
soda or potash, the sylvic acid present expels their carbonic acid, 
forming a soda or potash rosin soap. Hence its use in soap¬ 
making. It is also used for the manufacture of rosin oil, for 
making varnishes and resinate colours; and, when burnt in a 
limited supply of air, it yields a lampblack which is remarkable 
for its fine sub-division and lustrous black colour, in both of 
which respects it excels' many other forms of the pigment; rosin 
also yields an illuminating gas of much greater candle-power than 
coal-gas. 

The residue in the filter of course retains a little of the rosin; 
this, however, is not wasted as the material can be used to great 
advantage as a fuel. As already stated, it is virtually impossible 
to prevent decomposition of the rosin in the stiU when the latter 
is heated over a naked fii’e. In this way is produced, often 
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in considerable quantities, a black, easily fusible mass known as 
pitch. The only use for this material is in caulking wooden 
ships. It was formerly used by shoemakers for waxing their 
thread. 


Brewers* Pitch. 

Much rosin is used for the preparation of this substance. It 
is used in breweries to produce a smooth lining inside casks 
whereby they are made impermeable and much easier to clean. 
Brewers* pitch consists of rosin mixed with substances which arc 
likely to have no effect upon the taste and aroma of the beer. 

The simplest way of making a good brewers’ pitch is to fuse 
pure American rosin with careful stirring to prevent the rosin 
from burning to the bottom of the pan. During the stirring 
sufficient rectified oil of turpentine is gradually added to render 
the mass free from brittleness when cold. In using the pitch a 
new cask is heated with a blast of hot air; when thoroughly heated 
a suitable quantity of melted pitch is poured in and spread over 
the sides of the cask by rolling the latter about until the material 
is quite cold. To repitch a cask the old pitch is fired, allowed to 
burn some time, extinguishing by putting the head on the cask, 
and repitohed in the same way as a new cask. 

Many makers of brewers* pitch use a proportion of rosin oil 
instead of rectified oil of turpentine to make the mass supple. 
The rosin oil used must be rectified, since the crude oil would 
impart a penetrating smell to the beer. Otliers give the necessaiy 
suppleness to the rosin by fusing it with a soap made by boiling 
part of the rosin with caustic soda lye. Many recipes for making 
brewers’ pitch include the addition of soot or ochre, or of beeswax. 
Such additions are not only absolutely superfluous, but are voiy 
injurious to the beer kept in the casks. Tliis is especially tnic^ 
of soot, which contains not only carbon but appreciable quantities 
of empyreumatic bodies of characteristic taste and smell, eminently 
calculated to spoil the flavour of beer. 



CHAPTER m. 

HARD RESINS. 


Most of the resins used in industry are wanting in hardness 
and can be easily scratched with the finger nail. Such resins are 
commonly called soft resins, a generic term which includes a large 
number of resins. Ordinary rosin is one of the soft resins, but it 
is of course harder than the balsams which have only a semi-solid 
character at ordinary temperatures. 

There are a few resins much harder than rosin, these are 
therefore called the hard resins. Two of these are never found 
other than in the fossil form, i.e. as masses buried in the earth. 
They are true resins, and of vegetable origin, although the plants 
from which they were formed are now extinct. They include 
amber and certain kinds of the large and important group known 
as the copals. Both amber and copal are of the greatest com¬ 
mercial importance, since from them varnishes are made superior 
to all others in durability and resistance to atmospheric and 
chemical influences. 


Amber. 

This fossil resin is called Bernstein in Germany, owing to its 
intiaramability. The power which it has of attracting light bodies 
when rubbed excited great interest among the civilized nations 
of antiquity, and our word electricity is derived from the Greek 
woi*d for amber, elektron Aristotle had a perfectly correct 
idea of the origin of amber, which he declared to be the resin of 
a tree, but after his time many fables were circulated on the sub- 
Ject, Some declared it of animal origin, others stated that it was 
condensed “ sun-ether,” others again that it was a wax produced 
by a kind of ant. No scientific proof of the vegetable origin of 
n.mber was forthcoming until the end of the eighteenth centurj'’. 

The reason for the great variety of opinion as to the origin of 

( 21 ) 
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amber, as well as of the singularity of the theories, is to be sought 
in the fact that it was known to the ancient nations of Western 
A aifl. and was an important article of trade with them. When 
we remember that all the amber these people had came from the 
countries on the Baltic, we easily see that many false legends weri* 
likely to accumulate around a substance brought .such groat ilis- 
tances, as it was to the interest of every dealer in it to keep it« 
origin a sea-et. Even the Eomans who carried their arms into 
the heart of Germany had no knowledge of the origin of amber, 
which they called succinum. 

When once the vegetable origin of amber had boon clearly 
established greater interest was taken in tho deposits of it, and 
researches in them added largely to our knowledge of fossil in¬ 
sects, as numbers of these have been found perfectly preserved in 
the resin. 

As regards the plant or plants which produced the amber, 
they were undoubtedly coniferous, but it is yet undecided whoihor 
the genus was Pinus or Picea. Provisionally, the name 
auodnifer has been given to the tree which produced amber. It 
is supposed that that part of the earth’s suiiaee now covered by 
the Baltic was a mountainous country rich in limestone towards 
the end of the Cretaceous period. The climate of this mouutoin- 
ous country was tropical as shown by the plants found fossil in 
the district. The forests covering the mountains consisted prin¬ 
cipally of conifers among which were large numbers of the amber- 
tree. 

In the course of years resin was formed in large quantities 
in these primeval forests and, falling to the ground, remained un¬ 
altered after the trees had peidshed and been replaced by younger 
ones; in time immense quantities of amber appeal’ to have ac¬ 
cumulated. When this portion of the land became covered by tho 
sea, the whole of the vegetation perished. Tho trunks of the trees 
were swept away by the waves and the amber remained burie<l in 
the sea-sediment. This in time became a hard rook, known from 
its colour as blue earth, and it is to be regarded as the oi’iginal 
amber-bearing stratum. In later geological changes, occun’ing in 
the brown coal period, the blue earth was displaced to a larg(t ex¬ 
tent, and the so-called ” striped sand " was laid down. In this, too, 
we find amber embedded. Amber is also found in the Sarmatian 
and North German plains, and as here it is a long way from tho 
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Mea, we infer that it was brought thither from the north by the 
ice of the glacial period, and left behind on the melting of the ice^ 
Amber is also found in Sicily and in Burma. 

Storms east up amber on the coasts of the Baltic. It is also 
dredged for off the coast At present, however, by far the 
largest part of the amber of commerce is obtained by mining in 
tlie alluvial deposits on the shores of the Baltic and washing the 
sand and mud away from the amber. 

Cinide amber has usually a reddish brown crust covered with 
a yellow dust. It is considered that this crust is a result of de¬ 
composition of the amber proper, produced by the action of the 
water. It is removed from the larger pieces by scraping before 
they are put upon the market. Commercial amber appeal’s 
either transparent with a characteristic yellow colom’, or as a 
mass partly transparent and partly streaked and clouded with 
turbid portions. The transparent part is the compact amber, while 
the other portion owes its appearance to a multitude of tiny air 
bubbles entangled in the resin. 

A large number of kinds and qualities of amber are recognized 
in the trade. Tlie larger the pieces and the more beautifully 
they are marked, the higher the price, but when it is merely a 
question of working up the resin into varnish, these considerations 
natui’ally do not apply, and for such pmposes the smaller pieces 
and also the shavings {rasura succini) obtained when the large 
pieces are turned on the lathe to make pipe-mouthpieces and 
ornamental objects are employed. 

Amber is the hardest of all resins, but its specific gravity varies 
somewhat widely. Pieces may be found on the one hand lighter 
than water, having a specific gi’avity of 0'98 only, wliile others 
may be as high as 1*2. Hence some specimens float in the sea, 
and some sink. 

As regai’ds chemical composition, amber must be regai’ded as 
a mixture of at least three different resins, while small quantities 
of bituminous bodies are also present. Another invariable con¬ 
stituent is succinic acid. The three resins can be fairly easily 
separated by theii* difterent solubilities in alcohol, ether, and 
chloroform. As a whole, amber is insoluble in any known solvent. 
Amber will endure heating to far higher temperatures than any 
other resin, but even with every precaution it cannot be run 
without undergoing a partial decomposition in the form of a dry 



124 


DISTILLATION OF BESINS. 


distillation; giving off amber oil {oleum succini), and leaving 
behind a residue known as amber colophony, which will dissolve 
in various solvents, and serves for the preparation of amber 
varnishes. These varnishes cannot be made from the undecom¬ 
posed amber as that is insoluble. There is one important difference 
between the heating of rosin and heating amber. The rosin oils 
given off by rosin are of great commercial value, and are prized 
for their own sakes. The amber oil is of no use by itself, and is 
only worth collecting to add to the varnish made from the residue 
of the distillation. The residue of the rosin distillation, pitch, is 
of very little use; so that in the one case the material is heated 
for the sake of the volatile constituents of the resin, and in the 
other for the sake of the non-volatile portion of it. 

Tschirch and Aweng state that amber contains 70 per cent of 
the succino-resinol ester of succinic acid, 28 per cent of free 
succino-abietic acid (OgoHii.jOj) and 2 per cent of the bornyl eater 
of succino-abietic acid. 


Copal 

The second of the hard resins, copal, is one of gi-eat iiripoitance 
to the varnish trade. Of amber there is only one sort, and the 
only differences lie in the size and beauty of the pieces, but there 
is a considerable number of kinds of copal. The reason for this is 
that many different plants yield copal, so that it is produced in 
varying degrees of hardness and solubility and differing in other 
properties as well. The primary distinction made in commerce 
is that between hard and soft copals. 

No absolute line of demarcation can, however, be drawn between 
hard and soft copals. The hardness of both lies between that of 
calc spar and that of gypsum; they scratcli the latter and are 
scratched by the former. Some of the South American copals are, 
however, so soft that they are scratched by gypsum. These are 
the softest kinds we know, and ought really not to be classed as 
copals. The specific gravity of the copals also varies greatly. 
The lightest are scarcely hea\’ier than water, liaving a specific 
ginvity of 1'045. In the lieaviest the specific gravity may be as 
high as 1T39 

Although much of the copal is yielded by still living trees, 
quantities of it, including the best sorts, are found in fossil con¬ 
dition in the eai'th; it may be that the trees producing these kinds 
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belong to an earlier geological period and that they are now ex¬ 
tinct. This fossil copal which occurs in pieces from the size of 
a^pea to the size of the hand, is found in West Africa (Sierra 
Leone, Benguela, and Angola), in a special stratum consisting of 
sand, loam, and marl, which occurs at an average depth of 10 feet. 
It is probable that this stratum is not the original burying place 
of the copal, but that the latter has been carried to its present 
situation by floods and buried in the sediment from the water. 
If this opinion is coiTect, the occurrence of copal is analogous to 
that of amber, and the copal is undeniably fossU. 

The different varieties of copal are described in Chapter I. 

The moat valuable of the copals are the East African sorts. 
They are the hardest of all, and have the highest melting-pgint. 

The African copals are the chief hard copals, but they show 
a good deal of variety, and much practice is necessary to enable 
one to distinguish the various kinds with certainty by the eye. 

East Indian copal is either colourless or yellow, or dark red, 
and usually has a wai’ty exterior. The West African copals dug 
out of the ground are sometimes crusted over with loam and 
sand. Hard copals can be polished, and the ground surfaces re¬ 
semble those of amber similarly treated. 

The soft copals come from South America (West Indian copal). 
They occur in pieces from the size of a pea to that of the fist, and 
having a spherical or tear-like shape. They may be milky white 
or pale yellow and transparent. Their hardness is so small that 
even hard rubbing with a coarse woollen cloth will wear down the 
copal perceptibly. New Zealand copal behaves in a similar way, 
as do many kinds of Manilla and Borneo copal. 

The great variety in the copals is well seen in their behaviour 
to heat. While the soft soi’ts begin to melt as low as 180° C., 
the hardest kinds require as much as 240°.' 

Soft copals can be dissolved in chloroform or in absolute 
alcohol, but to get a clear solution it is essential to powder the 
copal finelj^ and to soak it in ether till it has completely swollen 
up As, however, both chloroform and absolute alcohol are ex¬ 
pensive solvents, they are rarely used in the preparation of copal 
varnishes, and copal will easilj^ dissolve in the ordinary varnish 
solvents when it has been run or melted, i.e. subjected to a partial 
dry distillation which drives off certain volatile bodies. 

The great differences in the temperatures required to run the 
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different kinds of copal, make it essential to ascertain on a .small 
scale the heat required by a new sort of copal, before ti’eatinjLf it 
in large quantities. 

According to Tschirch and Stephan, Zanzibar copal contains 
80 per-cent of trachylolic acid (Cf, 4 HyjO 3 )( 0 H)(COOH) 2 , about 
4 per cent of isotrachylolic acid, about 10 per cent of essential 
oil and small proportions of two resenes, a and ^-copalrescne. 



CHAPTER IV. 

DISTILLATION OF THE HARD RESINS. 

The object of distilling the hard resins—amlber and copal—is to 
obtain a product soluble in oil and turpentine with as little loss 
as possible, and therefore the operation differs very materially 
from that of the distillation of common rosin in which as much 
of the distillate (rosin oil) as possible is desired, and as little 
residue or pitch which is of little value. 

The distillate from the hard resins is not of much value, and 
can only be utilized by mixing it with the varnish. In short, the 
loss of weight must be brought as low as is consistent with mak¬ 
ing the residue soluble. Another point which requires attention 
is that the residue should be of as light a colour as possible, for 
then only will it give a pale varnish, pale varnishes being much 
more prized than dark ones. As copal naturally occurs of all 
colours from pale yellow to a dark reddish brown, it is advisable 
to sort the resin into three kinds according to colour and to work 
up the three grades separately. Seeing that both amber and 
copal are bad conductors of heat, it is of importance to distil to¬ 
gether pieces of about the same size. To obtain such pieces the 
copal must be broken up by a suitable machine, such as is repre¬ 
sented in Fig. 3. 

This mill consists of two rotating discs having triangular 
teeth on their circumference, and the distance between which is 
adjusted according to the size of the pieces of resin required. 
The mill delivers small lumps of uniform size, but on account of 
the brittleness of the resin a portion is broken smaller than in¬ 
tended and there is also a good deal of dust produced. The 
output of the mill must, therefore, be sifted by the machine 
shown in Fig. 4. 

The brushes attached to the roller remove the dust from the 
pieces to which it adheres rather closely. The smaller pieces and 
the dust which pass through the sieves are worked up separately. 

(27) 
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Fig. 6 represents a copal mill which 
size with very little dust. It can be adjuste&Na^tafle^fa 
resin into fragments as small as a lentil or as large as a bean, 
while the small amount of powder produced is easily separated 
by sifting. 
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Drying Copal 

Certain copals have the propei-ty of becoming soluble after 
an exposure for three or four days to a high temperature. As, 
however, this temperature is never below 180° C., the word 
” drying ” seems unsuitable. " Roasting ” would be better. The 
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process can be carried out both witli small pieces and with powder, 
but it must not be done in metal vessels which darken the copiil 
very considerably. The vessels most suitable are larffe and very 
shallow' pans of stone-ware or porcelain, or enamelled iron in 
which there is no chance of the rosin coining in contact with the 
metal. The apparatus required is one in which a temperature of 
180 to 200“ 0. can be kept up continuously. It should be po.s- 
sible to bring the temperatm-o up to 300“ when the apparatus 
will serve for the treatment of amber. 

The apparatus shown in Fig. 6 is an excellunt one for thi.s 
purpose. In construction it greatly resembles that of a mufllo 


S 
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furnace such as is used for enamelling. It consist-s of a masonry 
■or brick-work chamber with a thick earthonwai’c Hcior ? below 
which is the fire F stoked with coke. At the end of the chamber 
furthest from the grate there is an opening in the floor, through 
whicli the furnace gases enter the chamber and pass in the direction 
indicated by the an-ows through the chamber and out througli 

® P’1* i»*o tho chimney near the 
outlet ot the combustion gases insures accurate regulation of the 
draught m the fire, and hence of the temporaturo attained in the 
chamber. The cliamber contains a box of thick iron idato, nearly 
Ihng the space so that the sides of the box are only a few inches 
from the w'alls, and the box is therefore con.stantly envolopod by 
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the hot gases from the fire. This box, which is provided with an 
airtight door at T, rests on four small wheels running on rails so 
that it can easily be withdrawn from the chamber. A second 
door closes the end of the chamber and is luted with clay in¬ 
side. The tube U leading from the box can be screwed on to a 
condensing worm so as to collect the volatile products. The inside 
of the box is fitted with shelves of strong wire netting on which 
the vessels containing the resin are placed. To make the greatest 
possible use of the space these vessels are quadrangular and 
shallow, and the copal is placed in them to a depth of 1 or 2 
inches. The depth must not be too great as the dust of the 
copal cakes the mass whereby the drying is delayed, but the 
depth may be increased if the copal-powder is mixed with its own 
weight or thereabouts of clean white sand, which has no action 
on the copal and makes it porous. When the copal is dissolved 
the sand remains, and after filtering off can be used again for the 
same purpose. 

The Electric Thermometer. 


In order to regulate the temperature of the box an electrical 
thermometer is fixed in the centre of it, this 
is connected to a bell which rings as soon as 
the heat reaches the proper degree. When 
the bell rings the damper is partly closed to 
prevent any further rise of temperature. A 
very simple but effective thermometer of this 
kind is illustrated in Fig. 7. 

This consists of an ordinaiy mercury tber- 
inomoter with the upper end open, through 
which a platinum wire nearly fitting the bore 
is inserted into the tube. A platinum wire is 
also fused into the bulb so as to come into 
contact with the mercuiy. When the ther¬ 
mometer is to be used the upper wire is 
adjusted in the tube so that its lower end 
stands opposite the mark on the scale show¬ 
ing the temperature which is not to be ex¬ 
ceeded, say 200° C. One wire is connected 
with the negative pole of a battery, the other 
to the bell and then to the positive pole. As long as the tempera- • 
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ture deterDoined is not reached the mercury leaves the circuit opon^ 
but as soon as it toucliea the upper wire the circuit is iimde, the 
bell rings and continues to ring until tlie temperature has falloii, 
and the mercury has severed contact vutli the uppei* wire tlius 
interrupting the current 

As soon as the box is filled with dishes full of copal the docm 
are luted, and it is run into the chamber by means of tin* rails. 
The chamber having been closed the fire is lighted, an<l a good 
fire is made at once as it takes some time to lieat up the chambm* 
and the box. The fire is kept up until the electric boll rings, 
whereupon the damper is nearly shut and the fire is niodificd, th^* 
heat being as high as possible without starting the boll again. 
The tube D having been connected witli a condensing worm a 
small quantity of distillate is collected which never excecdH 2 to 
2i per cent of the weight of the copal treated. It is composed 
almost entirely of pure water, and so long as that is the case it is 
evident the heat has not been excessive, for liad it been otherwise 
the distillate would have contained oils resultiiig from tlie «lecom- 
position of the resin. 

No change is perceptible in tlie roasted copal, but it has h(3C(jino 
much more easily soluble. As the distillate in a properly con¬ 
ducted operation is practically nothing but water, we might ascribe 
the previous insolubility of tlie copal to its containing water. 
Nevertheless, experiments have sliown that tlie roasting has otlier 
efiects on the copal than a mere desiccatioii. On drying cvjpnl 
powder over sulphuric acid in vacuo we find tliat after a few 
weeks the copal has lost several per cent in weiglit, and that the 
sulphuric acid has gained in weight to a corresponding extent. 
Hence the loss is attributable to the evaporation of water from 
the copal and the gain to its absorption by tlie acid. In this 
experiment every trace of water is abstracted from th(3 resin. But 
nevertheless this drying of the copal at the ordinary temperature 
does not render it any more soluble than it was before. This 
experiment shows therefore that the lengthy roosting causes a 
change in the constitution of the copal with a consequent increase 
in solubility. 

The apparatus used for roasting the copal can also be em¬ 
ployed for the distillation of the resin, by more strongly lieating 
after the distillation of the water a yellowish oil follows and 
floats upon the water which preceded it. These drops consist oJ‘ 
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volatile products of distillation produced by the decomposition of 
the copal by heat. The fire is in this case regulated in such a 
way tliat the oil distils over at a uniform rate and the distillation 
is kept up until as much oil as may be desired lias passed over, 
lo prevent the ii’on of the box and the shelves in it from being* 
attacked by the vapour of the copal oil, whereby the oil itself 
would be made of a dark colour, it is a good plan to varnish the 
whole of the interior with the best thick amber varnish before 
the box is first put into use. This protects the iron permanently 
from the vapours. 

As rather a high temperature is required for the distillation of 
copal and a still higher one, Le. up to 400° C., for amber, the iron 
box needs to be carefully made, for this reason it is constructed 
of strong boiler plate and riveted hot. 


The Distillation of the Resin. 

If copal or amber is subjected to distillation to render it easily 
soluble, care must naturally be taken that the process is not 
carried further than is necessary to secure the object in view. 
Over-distillation results in a loss of resin, for which the oil ob¬ 
tained will by no means compensate. 

Although it cannot be denied that the various copals behave 
very differently on distillation, and that more oil must be distilled 
from a hard than from a soft copal to obtain suJKcient solubility, 
yet there is a limit which may be taken as common to all the 
sorts of copal. Most manufacturers consider that the Ipss of 
weight on the copal should not exceed 25 per cent. As it is im¬ 
possible to stop the distillation at various periods to ascertain the 
loss the copal lias undergone, some othei* means must be found 
of gauging the percentage lost. This is done by estimating the 
amount of oil in the distillate, and from this the condition of tlie 
copal in tlie still is inferred. 

Losses Occurring During the Distillation of Copals. 

The losses which occur on heating copal for varnish making 
vary according to the temperature and the time of heating. The 
following figures are given in the “Farben Zeitung” :— 

3 
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Hard Hanila .... 

Red Angola .... 

Sierra Leone 

Zanzibar .... 

Amber. 

while Violette found the losses to be 

Calcutta copal . . . . . 

Manila . . . • 

Zanzibar. 


Por cent 
11*7 to 16*5 
1C*G to 21*6 
17*2 
32*0 
30*0 


28*0 to 2G*0 
25*0 
28*0 


Violette has made careful determinations of the chanfjcs in 
tlie solubility of copal brought about by distillation for various 
periods of time, and it is from his experiments that we are en¬ 
abled to fix the weight most suitable for rendering the copal 
soluble. The following figures give Violette’s results for 100 lb 
of copal:— 


LostS in weight, 

Dll oljtalued, 

Behaviour of the reflidin* 

lb. 

lb 

line to oil of turpentine 

8 

3 

XuBoluble. 

9 

8*5 

11 

10 5 

10 2 

,, 

16 

16 7 

ti 

20 

19 

Slightly soluble. 

22 

213 

More soluble. 

25 

24-5 

Very solublo. 

28 

27*1 

ft 

SO 

29 

ft 

82 

81 

II 


An examination of these figures shows that the yield of oil is 
in most cases somewhat less than the loss of weight in the copal. 
The reason of this is that some of the products of the distillation 
consist of gases which escape into the atmosphere. Tlie furthei* 
the distillation is carried the greater the proportion of gaseous 
products. With a total loss of 25 per cent (just the proper limit 
to make copal soluble), the loss in gas is only i per cent, while 
with a loss of 28 per cent it is per cent, and with one of 30 
per cent, 1 per cent. We may consider, therefox’e, that the copal 
"has been rendered sufficiently soluble when the weight of oil 
•distilled over is one-quarter of that of the original resin. Beyond 
ifciiis limit it is useless to proceed, for thereby is duly diminished 
the jdeld of soluble product without securing any compensating 
advantage. To hit the point properly the same weight of copal 
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or amber should always be taken for distillation, and the receiver 
should be of a corresponding size. This receiver must be gi*aduated 
so that the amount of distillate in it will show at once how much 
of the resin has been decomposed. The best receiver is a tall 
glass cylinder graduated in the following way, assuming that 100 
kilograms of copal are distilled at a time:— 

Put exactly 1250 c c. of water into the cylinder and mark the 
level of the water on the outside with a glazier’s diamond. Then 
put in 1250 c.c. more and mark the new level in the same way, 
and proceed in the same maimer until 30 litres of water have 
been put into the receiver. Each division of the scale on the 
glass will then correspond with sufficient accm*acy to 1 per cent 
of the copal. The volatile oil produced by the distillation of the 
copal has a specific gravity of about 0 '8, so that 1 per cent of 
the 100 kilograms of copal, viz. 1 kilogram of oil, corresponds 
to 1250 c.c. of water. For amber also, supposing a distillation of 
100 kilograms at each batch, we proceed exactly in the same 
manner, but making the marks of the cylinder for 1111 c.c. of 
water instead of 1250, as the specific gi^avity of the volatile oil of 
amber is 0*9. 

Distillation of Hard Resins with Superheated Steam 

The distillation of the hai'd resins can also be performed by 
means of superheated steam, which has the advantage that all 
danger of overheating the resin and so producing a dark residue 
can be avoided, also that as Soon as the result is achieved the 
resin can be at once removed from further exposure to the heat. 
An apparatus in which resins can very conveniently be distilled 
l)y superheated steam is shown in Fig. 8. 

The still C consists of an oval cylinder made of strong copper¬ 
plate. The interior of this is painted over before the still is used 
for the fii’st time with the best amber varnish. The still has two 
outlet pipes, D and K. The former carries the volatile products 
to the condenser, while the latter, in which there is a wire sieve, 
is used for drawing off the melted resin. The other end of the 
cylinder has a tightly-fitting lid which is luted on during work. 
Tlie cylinder C is enclosed within a larger one Ci, leaving a free 
space between them of a few inches across. Cj is of iron, covered 
with asbestos to prevent loss of heat. Superheated steam enters 
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the jacket through the tube W and leaves it by W^, which also 
serves for the escape of condensed water. The apparatus is in¬ 
clined so that the fused resin, after the operation, can easily bo 
removed through BL 

When the apparatus is ready for use the steam is passed in at 
W until the first drops of distillate appear, the contents of the still 
have then been brought to the temperature at which the decom¬ 
position begins, and the flow of steam is regulated so that tlio 
distillation proceeds at a uniform rate. When the process is 
over the steam is shut off, and the whole apparatus allowed to get 
quite cool before being opened. The still may be large enough 
to take from 10 to 15 kilograms of resin for each charge; tlie 



distillation of this quantity is soon finished. Even when work¬ 
ing on a larger scale, it is beat not to have a larger still, several 
of the smaller size being more convenient so that work need not, 
be stopped for the still to cool. If six stills are started one after 
another the first is generally cool enough to be recharged by the 
time the sixth is started and can be I’echarged and restarted. Li 
this way the distillation proceeds uninterruptedly, and only one 
still being idle at a time, a considerable saving in steam is effected, 
a point of much importance. * 

An apparatus which gives good results with an open lire, 
especially with amber, is shown in Fig. 9. * 

^ The boiler is set in an inclined position in a fireplace. In tlio 
boiler is the agitator, the axle of which passes through a stuflBng 
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box at the top of the boiler. The top also carries a pressure 
gauge /, a safety valve 6, and an outlet pipe m for the vapours. 
At the lowest part of the boiler at h are the sieve and overflow 
pipe for the melted resin ; h is the manhole for charging in the 
amber. 

Having fired up, steam at two atmospheres, pressure is ad¬ 
mitted through the tube d to drive all the air out of the boijer. 
The stirrer is kept going throughout the operation, and the vola- 



Fig. 9. 


tile oils escape by m, while the fused amber is flowing out at k 
The stirrer is not of much service. As long as the amber is well 
below the temperature at which it begins to decompose, the 
pieces are kept moving, but when that temperature is reached 
the whole of the amber becomes a single tenacious mass which 
the stiiTer can with diflSculty move. It is thus somewhat super¬ 
fluous at this stage ,to attempt to use it. 

Dissolving the Distilled Resins 

After distillation for a sufficient time the resins dissolve fairly 
easily in solvents, but there are difficulties in the way of obtain¬ 
ing the solutions perfectly dear. In many cases an apparently 
finished solution contains appreciable quantities of resin which 
' are not really dissolved but simply swollen up. Nothing is 
gained by grinding the resin beforehand, for in that case it 
swells up even more and forms a tough mass which comes into 
surface contact only with the solvent. 

To secure proper contact between the resin and the solvent, 
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both must be kept in constant movement. To do this many tac- 
tories use the shaking machine represented in Fig. 10. 

The frame hh supports the horizontal axle c, which can be ro¬ 
tated by means of the flywheel h. This axle has two cranks cl 
and cP set 180° apart. The cranks support the vessel a in an 
inclined position. This vessel is partly filled through the open¬ 
ing g with broken resin and solvent till it is two-thirds full. I he 
wheel is then turned so as to lift first one end of a and then tlie 
other, so that its contents are being continually thrown from one 



end to the other. This brings resin and solvent into intimate 
contact and effects rapid solution. After a time a sample is drawn 
off into a glass by the tap/. When the sample is a thick sliglitly 
opalescent liquid, the process may be regarded as finished ami 
the vessel a* is emptied either into the filter or the clearing vat. 

AJthough this apparatus answers fairly well it requires a 
great deal of power, the whole weight of a and its contents hav¬ 
ing to be constantly moved. This serious drawback can be 
avoided by using the apparatus shown in Fig. 11. 

The cylindrical dissolving chamber 0 is jacketed with another 
cylinder C^, the jacket space being a few inches wide. Steam is 
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admitted to the jacket by the pipe D, tlie steam and condensed 
water escaping through W. 

The upper end of C is pro¬ 
vided with an opening O for 
tilling in the resin. The sol- 
\'ent is run in by means of the 
funnel L. In the middle of C 
there is a vertical spindle A 
turned by the two bevel wheels 
at K. This spindle carries a 
number of horizontal rods ar¬ 
ranged spirally round it. 

Having put in the solvent 
the stirrer is set in motion and 
the powdered resin iAtroduced 
in a thin stream. When it is 
all in, the opening 0 is <^|gsed 
and steam admitted to ""the 
jacket. The stirrer pi’events 
any resin from sinking to the 
bottom, tlie joint action of the 
stiiTing and the heat finishing 
the solution very quickly. 

As soon as a sample shows 
a satisfactory appearance the steam is shut ofi‘, 0 is opened and 
C is emptied. This description will show that the apparatus 
requires only sufficient power to keep the stirrer in constant 
motion, and this is not great even when the apparatus is on a 
very large scale. To dissolve the resins in volatile solvents, 
such as oil of tui’pentine for example, the apparatus shown in 
Fig. 12 can be employed. 

The vessel K is filled with a solution of common salt in which 
the dissolving chamber T dips. In T is the stirrer R, and the cover 
of the vessel is fastened on air-tight with the clamps S. Through 
the cover passes the end a b of the worm in F. The woimi 
opens freely at its upper end and is kept surrounded with cold 
water. 

The resin and turpentine are heated together by boiling the 
salt solution which has a higher boiling point than water, the 
heat being assisted by the motion of the stirrer. The turpentine 




40 


DISTILLATION OP EESINS. 


escaping as vapour from T is condensed in the worm and flows 
back again. Solution is still more rapid if pai-affin wax is used 
instead of brine in the outer pan. The temperature can then be 
brought to 160” C.. the boiling point of oil of turpentine. 

Filteking the Resin Solutions. 

As already mentioned, we might consider solution complete as 
soon as a sample shows that the dissolving vessel contains a slightly 
opalescent liquid. But a simple experiment will show that the 



Pig. 12. 

solution is anything but complete. Under the most favourable 
circumstances a solution is obtained in which a certain amount of 
the resin is floating in a very swollen-up condition. If tlie 
solution IS placed in a tall jar of white glass, which is stoppered 
put in a place where it cannot get shaken, after several days 
the upper part of the liquid will become quite cleai*, but that 
below the el^r part shows more and more turbidity the lower it 
IS. After a few weeks the largest part of the solution will have 
become quite clear and transparent, and a slimy tenacious mass 

but hLhk“ ^ the bottom. This consists of undi,ssolved 

highlj swollen resin. Many manufacturers clear their solu- 
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tions by decanting the clear liquid obtained by standing as com¬ 
pletely as possible from the sediment; the latter subsequently 
being shaken up with some of the solvent and used in preparing 
the next lot of solution. 

It is easy to see that this tedious and troublesome method is 
utterly unsuitable for working on 
a lai'ge scale; although it may 
answer well enough in the manu¬ 
facture of small quantities at a 
time, it requires too much time 
We can, however, get quite clear 
solutions veiy much moi*e quickly 
b}’’ using filtei*s so arranged that 
all undissolved particles ai'e kept 
back and nothing passes through 
the filter but the true solution. 

We know that there are a 
large number of different filter 
arrangements which leavenothing 
to be desired either as regards 
rapidity of filtration and clearness 
of the filtrate, but they all have 
the disadvantage that they work 
faultlessly only for a short time. 

The solution passes through the 
filter more and more slowly and 
in time ceases altogether to do so. 

The reason of this is tliat the 
slimy and swollen pai’ticles of 
resin choke up the pores of the 
filteidng material iSO completely that even very high pressure is 
insufficient to force the solution proper through the mass. The 
filter must therefore be so designed that this stoppage of the pores 
is prevented. An apparatus very suitable for this pu^ose, and 
one which will give large quantities of clear filtrate in a short 
time, is shown in Fig. 13. 

The apparatus consists of the cylinders I, II, III, IW, made of 
stiong sheet copper varnished inside with amber-varnish. These 
cylinders are about 8 inches high, and are connected by their 
flanges with the clamps as shown, thus forming a single air-tight 
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chamber. To the lowest cylinder IV is fastened a funnel with an 
outlet tube, and the uppermost cylinder I has a funnel-shaped lid^ 
the apex of which receives a tube from the copper cylinder V con¬ 
taining the liquid to be filtered. The only other openings in V are 
one to receive the funnel F for filling it, and one for the pipe L 
through which air can be piunped into V. The tube to the filtei- 
can be closed by the cock H, and the funnel F can also be shut oft" 
with a tap. A rather closely woven cloth is stretched between I 
and II which are then clamped together by their flanges. Ill is 
then clamped bn in the same way and then IV. Between IV and 
the funnel C plate of cellulose about four-fifths of an inch thick 
is put between two cloths. As soon as the apparatus is all put 
together the cock H,is opened and the liquid is allowed to run 
through the filter. As the liquid, to reach the cellulose plate, must 
pass through the threb closely woven cloths which are stretched 
between the flanges of the cylinders, the coarser solid particles 
collect on the uppermost cloth and finer panicles on those below it„ 
while only a nearly clear solution reaches the cellulose layer. 

As, however, oven with this arrangement the action will soon 
become slow, the pressure of the air in it is gradually raised as the 
filtration proceeds, by means of the condensing pump attached to 
L. The pressure must not be suddenly increased, as the filter 
cloths would then probably be tom. A pressure of five or even 
six atmospheres is often finally attained. 

Care has to be taken not to increase the pressure needlessly. 
As long as the filter is acting well, the pump is not worked, but 
as soon as the issuing stream shows that the filter is becoming 
choked, the pressure is raised until the original rate of filtration 
is restored. 

When at the close of the filtration the apparatus is taken 
apart, the surface of the cloth is found to be covered with a rather 
thick layer of a gelatinous mass, which consists of swollen resin. 
To recover this and to clear the cloths they are rinsed in the sol¬ 
vent used for making the solution. When, too, the pores of the 
cellulose plate are choked up it is cleaned in the same way. 

In this way perfectly clear solutions of amber or copal are ob¬ 
tained, and if oil of turpentine is the solvent employed, these can 
be used at once as varnishes. The coats will appear quite colour¬ 
less and have a superior lustre. If the solutions are mixed with 
linseed oil made drying by the cold process with manganese bqrate, 
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the resulting varnishes are no darker than a pale yellow, and are 
a great improvement on those made by dissolving run copal or 
amber direct in boiling linseed oil. Varnishes made by this latter 
method have a distinctly dark brown colour, even in thin coats, 
and always appear of a yellowish colour on a white ground, even 
when laid on in a very thin coat. 

Products of the Distillation of the Hard Rosins. 

Amber .—On dry distillation amber yields succinic acid and an 
oil. The oil has a specific gravity of 0*808 to 0*857, an optical 
rotation of 0'^ 30" to 6 ° 30", a refractive index of 1*448 to 1*465. 
It is soluble in 6 -J- to 7 volumes of 90 per cent alcohol. The com¬ 
position of this oil varies very considerably, according to analyses 
of commercial samples the specific gravity varies from 0*820 to 
0*857 and rotation varying from - 2® to + 26°. 

Zanzibar Copal .—On dry distillation this loses 20 to 25 per 
cent of its weight consisting of about 2 per cent of water and 
18*6 per cent of brownish oil with a powerfid odour. The specific 
gravity of this oil is 0*9061, it consists mostly of terpenes and is 
slightly acid. According to the researches of Tschirch and 
Stephan the volatiLe pi'oducts contain lactic acid and a hydrocar¬ 
bon (O 7 H 12 ) with a boiling point of 160° to 151° G On heating 
the rosin at 199° to 201° 0. they obtained an oil of the composi¬ 
tion represented by the formula C 2 flH 4 gO 

Kauri ,—On dry distillation kauri yields about 1*4 per cent 
of water and from 16 to 20 per cent of oil of specific gravity 
0*9224. It is also stated that the oil separates into two portions, 
an upper layer of specific gravity 0*86 and a lower one of specific 
gravity 1*01 taken at 21 ° C. 

Change which takes Place in Resins on Heating. 

The change which takes place in the composition of resins on 
heating is shown in the following table by Lewkowitsch :— 
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CHAPTER V. 


THE MANUFACTURE OF ILLUMINATING GAS FROM ROSIN. 

When rosin is exposed to dry distillation, the decomposition 
takes a course which depends upon whether it is brought sud¬ 
denly to a very high temperature, or a moderate heat is gradu¬ 
ally applied. In lie latter case a large quantity of product is 
obtained which readily condenses to an oily mass, the well- 
known rosin oil. As the temperature is raised the darker in 
colour and the richer in carbon does the residue become, until 
finally no oil passes over. The heating is then stopped and the 
residual pitch removed from the still. It is true that even in 
the distillation of resin at moderate temperatures a certain 
amount of inflammable gas is produced, but this has very little 
illuminatog power and is only utilizable as fuel. This gas is 
burnt ainder the still so as to economize fuel. 

When the distillation is carried out in the way first mentioned, 
with a rapid rise of temperature, a very large amount of gas 
having high illuminating power is obtained. The amount of 
resin oil produced is very small, and very much less pitch is 
formed, this taking the form of a black shiny coke-like mass. 

As regards the relative cost of coal gas and rosin gas, the 
latter is distinctly cheaper for various reasons when both are 
made on a small scale. As the candle-power of rosin gas is 
double that of coal gas, only half as much of it as of the coal gas 
need be used. Moreover, the value of the rosin oil obtained in 
making the gas, although it is not produced in large quantities, 
must be taken into account. Finally, it is easier and less ex¬ 
pensive to purify rosin gas than coal gas. Hence the plant for 
producing rosin gas takes up very little room. 

In those factories where rosing is used for the manufactui’e of 
rosin oil, cart grease, etc., means of lighting other than by rosin 
gas is almost superfluous. 

( 45 ) 
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There ai^e several apparatus for making rosin gas, most of 
them being like those used for coal gas, naturally with certain 
modifications. Fig. 14 shows a rosin gas-making plant in section. 

The vessel H which contains the rosin to be gasified has a 
cover closed with a water joint, and provided with a pipe for the 
escape of vapour from the heated rosin. The deepest part of K 
consists of a wide tube enveloped by the combustion gases from 



Fig. 14. 

the fire which surround it and also heats the bottom of H. A 
conical opening at the bottom of this tube has an iron cone 
attached to the rod S fitting into it, so tliat by raising the rod 
the opening may be partly or fully opened. Below it a pip(‘ 
leads into the retort E, which is keiit red hot by the fire F. 
The retort is of east iron, differing little in foi'm from those used 
for coal gas manufacture. At the place wdiere the melted rosin 
flows from H into the retort there is a triangular inclined plate, 
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the object of which is to spread out the stream of rosin falhng 
upon it. The body of the retort as far as the perforated plate P 
is filled with coke. The space behind P is empty and is connected 
with the condenser V, where the less volatile products of the 
distillation collect. The pipe C which lies in water carries the 
gas to the scrubbers. The opening a is used for cleaning out the 
retoit. 

The above apparatus is somewimt expensive, the expense 
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being, of course, greater when a number of retorts have to be 
used, as, for example, when large quantities of rosin gas are 
required. There is, however, a much simpler form of apparatus 
which can be made large enough to furnish very considerable 
(juantities of gas. The sa\ing is effected by doing away with 
the furnace and the retorts. Such an apparatus is shown in 
section in Fig. 15. 

The closed boiler K stands on the top of a cylinder of fire¬ 
brick, and receives the rosin to be gasified. It is provided with a 
manhole through which it is charged, and the fumes escaping 
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from it pass by the pipe D into the condenser, together with the 
gas from the fire-brick cylinder. The condenser 0 is a wide iron 
pipe lying horizontally in water. By means of a pipe the li(]nid 
products which condense in it can be drawn off, while the gas 
passes by another tube G at the opposite end of C to the scrubbers. 

In the side of the brick cylinder there is an opening T wliieh 
can be closed gas-tight by an iron plate. A gi'ate is put at tin* 
bottom of the shaft, and the space below it can be reached by an 
opening in the side. This opening is lined with an obliquely cut 
iron pipe, and closed by the heavy iron plate S. This plate can 
be moved sideways, so as to open a slot of any desired width. 
A short pipe in the bottom of E is closed by the valve V, wliicli 
can be screwed up by the rod, so as to allow the rosin to flow 
out fast or slow as may be required. The part of the tube below 
♦the valve has three or four branches, whi^ lead into a hollow 
ring with many perforations on its under side. Hence when V 
is lifted a large number of small sti*eams of melted rosin flow 
down into the brick shaft or stove. 

When the apparatus is to be set in action the shaft is filled 
with coke through T. T is then shut and by means of a damper 
the pipe A is put into communication with a chimney. Fire is 
then put below the grate through S. When the whole of the 
coke is at a full red heat, A is closed, so that all vapours esca])- 
ing from the stove must pass into the condenser C. The valv(j 
V is then opened, so as to allow the melted rosin to drip on to 
the hot coke. The rosin is decomposed, the liquid products con¬ 
densing in C, while the gas passes by the pipe G to the scrubbers. 
The draught is regulated by S so as to keep the coke glowing, 
and the supply of rosin is regulated by adjusting the valve V in 
such a way that the production of ga,s proceeds at a uniform rate. 
The process must not be so driven that the condensation of the 
rosin oil in C is incomplete. The supply of air through the 
narrow slot in S is enough to keep the coke in the stove 0 n-d 
hot. As it passes up through the coke, carbon monoxide is 
formed and becomes mixed with the rosin gas. As carbon mon¬ 
oxide is itself combustible, and there is not enough of it appreci¬ 
ably to aflfect the illuminating jiower of tlie resin gas, it is 
unnecessary to separate it. 
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Purification of Rostn Gas. 

The gas escaping from 0 must be purified before it -goes to 
tlie gasometer, but as the gas is fairly pure this can be done in 
a very simple fashion. The gets is free from compounds of 
sulphur, the chief impurities being carbon dioxide, also usually 
small quantities of tlie vapour of acetic acid, which escapes from 
the condenser by reason of its very volatile nature. It is abso¬ 
lutely necespary to remove the carbon dioxide which considerably 
lessens the illuminating power of t)ie gas. The acetic acid is not 
objectionable on this account, but may in time corrode the iron 
distribution pipes through which the gas is led to the burners. 
Both impurities can be removed simultaneously by passing the 
gas over lime slaked with just enough water to form a dry 
powder. This absorbs both impurities. The slaked lime is put • 
into shallow iron pans, the covers of whicli are closed by a water 
joint. These pans contain iron shelves close together and the 
lime is spread in a thin layer upon tlie shelves. These are so 
arranged that the gas must pass over each, ti’avelling the length 
of the pan as many times as there are shelves The gas then 
passes direct into the gasometer, whence it passes to the burners 
in the usual manner. 

As already stated, rosin gas is much superior in lighting 
l^wer to the best coal gas, on account of its high content of 
carbon. This peculiarity of its composition makes it inadvisable 
to bum it from an ordinary fish-tail burner; an Argand or other 
lamp, with which it can be mixed with air before consumption, 
should be used. The best way of all of using it is with a mantle, 
whereby we get the most light with the smallest consumption of 
gas. The high percentage of liydrocarbon in rosin gas ensures 
that, when mixed with enough air to form a blue flame, it bums 
with great evolution of heat, and it forms tlierefore an excellent 
fuel for heating stoves or soldering irons. 

The yield of gas from rosin compares very favourably witli 
that of coal and other gas-foiining materials. Pure American 
rosin will give 1600 to 1700 cubic feet of gas per cwt. As some 
rosin oil is always obtained in making rosin gas, the oil will pay 
part of the cost of manufacture j the cost of the gas is easily 
reckoned for any given price of rosin. 

Rosin has also been used to render coal-dust suitable for gas- 

4 
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making, by stirring the dust into melted rosin till the mass is 
too thick to be stirred any longer. The mass is })rokoii uj) when 
cold and set, and charged into the retorts cither alone or mixed 
with lumps of coal. Formerly coal tar was used inst(‘ad of rosin 
for this purpose, but a far more remunerative use for coal tar is 
now found in the manufacture of dyes and other well-known 
pioducts. The cheapest rosin is naturally used for mixing witli 
the coal dust. 



CHAPTER VI. 


KOSIN OILS. 

When any kind of resin fi-om wliich the essential oil has been 
removed is heated in closed vessels, it begins to decompose at a 
temperature depending upon the nature of the resin, yielding a 
large number of products of decomposition, both gaseous and 
liquid. The final residue is a shining, black, scoriaceous coke. 

The gaseoas products so obtained are for the most part com¬ 
bustible, and bum with a very luminous flame. The products 
condensible into liquids from the vapours escaping from the still 
are very various in composition. When allowed to stand, the 
liquid distillate soon separates into two sharply-marked layers— 
a w’-atery layer and an oily layer. The latter constitutes the 
crude resin oil. This consists of a large number of distinct 
hydrocarbons, and its composition depends not only upon the 
kind of resin treated, but upon the way in which the process is 
conducted. If the temperature is raised very gradually the 
products differ very considerably, especially from a quantitative 
point of view, from those formed when a high temperature is 
reached as quickly as possible. 

Tlie commercial value of the resin oils varies enonnously 
with the sort of resin. For example, the oils obtained from 
certain hard resins such as amber and copal, serve very well for 
solvents of the same resins in varnish-making, but the amount 
of oil which such resin yields is rather limited. On the other 
hand there is a large yield from the commoner resins, and especi¬ 
ally from those obtained from coniferous trees. As is well known 
we have vast quantities of this resin at our disposal, and it was 
used on a fairly large scale in various industries as early as the 
middle of the nineteenth century. In 1835 the French chemist 
Fremy, one of the first to study the products of the dry distilla¬ 
tion of resins with thoroughness, prophesied that the products 

(51) 
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from rosin would become of great commercial importance, a 
prophecy which has been strikingly fulfilled. As stated, the 
products obtainable by the dry distillation of rosin were exciting 
great attention in Europe at the beginning of the second half of 
the nineteenth century, and factories of considerable size were 
erected for this branch of industry. 

Nevertheless, the real commencement of the rosin oil industry 
dates from the time when the Americans began to exploit the 
product of their vast pine forests in a rational manner, and to 
make oil of turpentine and rosin. As the preparation of the 
crude rosin is earned out in all its stages in a practical manner in 
America, the quality of their rosins, even that of the second-rate 
brands, is very satisfactory, and they are all very suitable for the 
manufacture of rosin oil. 

Although very many of the European manufacturers who dis¬ 
til rosin oils use American iDsin for the most part,' it must not be 
forgotten that Europe produces very important quantities of 
rosin, which can compete on an equal footing with the American 
product, if it is obtained in an equally rational manner. In the 
mountainous (iistricts of Europe, especially in the Pjrrenees and 
the Carpathians, we have large pine-woods, the yield of whidi 
might be considerably increased by working up the crude rosin 
into colophony and oil of turpentme by scientific methods. In 
Siberia tiiere are enormous primeval forests largely consisting of 
pine trees, and there is no doubt that these forests, now opened 
up by the completion of the Trans-Siberian Railway, could yield 
enough rosin to supply all the needs of the whole of Europe. 

In the times previous to the development of rosin oil manu¬ 
facture, the chief object of distilling colophony was the produc¬ 
tion of illuminating gas. The tar, formed in the process, which 
is crude rosin oil, was considered of little value, and nearly all of 
it was used to eke out the fuel for heating the gas-retorts. Since^ 
however, the tar has been scientifically investigated, we have 
found that it is the gas that must be considered as a by-product, 
the oil being of far greater value. An analogous thing happened 
in coal distillation. For many years the black evil-smelling coal 
tar was regarded as a troublesome by-product attending the pro¬ 
duction of gas for lighting purposes, there being hardly any use 
for it except in heating the retorts. But when more became 
known about the constituents of co^l tar the epoch-making dis- 
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I'nvtuy of tlio inaiiufaetitro of <lyos from it ro«ultod, to Ray nothin^^ 
of otlnir vahial)l(‘ products, and tlio wliolo atato of affaira wan 
ill a vory Hhort tiling In a fow yoarM tho hitlioi*to 
practically worthl<‘as tar hocaiiic a highly prizo<l raw iiiatorial, as 
did also the {^aH liquor. The ^aa n^tirod into the ponitiou almost 
of /I l)y-piT)du(it, and the u.s(»h now ina<lo of coal tar afford a moHt 
intiTOstiiij^ (ixamplc of oxhaustivo exploitation of a raw uiatoriah 

Althoufjh the products of the dry diHtillation of rosin have 
m»t found such coiupi'chonsivo and vast fiedds of usofulness as 
those obtained from coal, they do nevortholess find so many uh(*h 
that it can be fairly saul that the <li8tillation yields no product 
which is (h'stitute of value. No bett(‘r proof of the scale on which 
this industry has developed can be ^ivon than the statistics of 
the imports of AnuTican rosin into Kurope. The quantities im- 
porti'd towards the eiul of tlii‘ niiiotics alrtjady amounted to more 
tliau a million barrels, and these ([iiantities have since couaider- 
iibly ineimsed, 

d'lu‘ followin^j; is a list of the products obtainable by tlie dry 
distillation of rosin : (a) <^as bir liffhtin;^ and hoatiufi:; (70 acetic 
aeid fi'om the watery jvirt of the (listillate; (c) li^ht volatih^ oils, 
which an* not only (‘Xcelh^nt illumiuaiits but valuable as solvimts 
for many siibatances; {d) heavy oils lar^cdy used in the mauu- 
factun* of lubricants for vcduclos and machinei’y. The whole 
business of cart-^^rease-nuikin^ as now practistul depends upon 
proper treatinimt of tlu^se lu*avy oils, (e) Driers. Jh'opej* (dmiuical 
ti'twitiiieiib <if rosin oils will couviu’t tluan into liquids which can 
be used in the mixing of painis exactly like the drying oils, and 
will ;^dve a mixed paint (piitc as {rood for soiiui purposes as one 
pi’epariMl with boiled oil, at a much smaller cost. (/) Lainji-black. 
A lamp-l)lack can bo made from rosin oil, and is ono of the iimsst 
lamp-blacks that can Ih^ matlis l)otili in ri'spect of minute subdivi¬ 
sion ami of beauty. The purest soi’ts of it are ustifl in artistic 
printinjr in coj)p<‘r-plate work and in litb(){rrHphy, and also fui' 
tln‘ piH'puration of an Indian ink wliicli is i*qual to the liest 
t'binese maki*. 

'PiiK Manitkaotohm or UosrN Oils on a IjAIUJK Hoalio. 

If rosin is [ait into »ui ordinary still conju'ctial with a woi*m, 
such an a[)j)aratiiH, for instance, as at outi time was eiui>loyed 
lor tlistillin{( bramly, w<‘ ai;e in a position to undertakci the dry 
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distillation of rosin. The oldest piece of apparatus used for tlie 
purpose differs from brandy-distilling plant solely in its greater 
size. Some stills have been built for treating a ton of rosin at a 
time, that is to say, large enough to hold four tons ; a still must 
not be filled with cold rosin to an extent exceeding one-quart<?r 
of its capacity as the rosin swells and froths up enormously on 
heating. These stills were invariably heated over a naked fire, 
and had all the disadvantages accruing to such a method. Of 
these the most serious is the impossibility of regulating the tem¬ 
perature and it is especially necessary in the distillation of rosin 
to do this. One must be able to keep the temperature steady at 
any given point. If this is not done the decomposition of the 
rosin will be irregular and spasmodic, and will not follow a uni¬ 
form course. If it is necessary to employ direct fire the distilla¬ 
tion must be carefully watched from first to last, the fire being 
tended with the greatest care. If the temperature should rise 
suddenly the probability is that the development of vapour would 
be so rapid that the condenser would be unable to cope with it, 
so that quantities of resin oil would escape uncondensed and be 
lost. There is also the danger that the rapid generation of gas 
might result in the bursting of the still. The temperatures re¬ 
quired for the distillation of rosin rise to a fairly high figure. 
Beginning with a distillate coming over at about 130° C., the 
heat is gradually increased to 350° or 360°, This finishes the dis¬ 
tillation, leaving nothing in the still but black pitch in a liquid 
state. 

- ■ Plant for Distilling Eosin. 

In their essential features rosin distilling apparatus can be 
divided into two classes, those which can be worked continuously 
and those which work intermittently. The former kind is tlie 
only really suitable one, and these can be subdivided with refer¬ 
ence to the method of heating into those with direct and those 
with indirect firing. It lias aheady been mentioned that formerly 
an ordinary still with a movable head and a worm was used for 
rosin distillation. With an apparatus of this sort, as soon as the 
distillation is over and the pit^ has been ran out, the fire must 
be drawn and the stiU allowed to cool before recharging. More¬ 
over, tlie valuable uncondensable gases which are evolved were 
totally lost. The large consumption of fuel, the long and con- 
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stant inteiTuptions between distillations and the uncertainty at¬ 
tending the whole course of tlie process have finally resulted in 
the abandonment of such plant. It is therefore sufficient simply 
to allude to it. It is, of course, of historical interest, that it was 
the first apparatus used for the pui*pose. 

Much more suitable, and hence now almost exclusively em¬ 
ployed in modem well-appointed factories, is the appai'atus in 
which superheated steam is used instead of an open fire. The use 
of superheated steam enables one to regulate the temperature 
of the still with perfect accuracy, with the result that the yield 
of the valuable products of the distillation is materially increased 
in comparison with that resulting from direct firing. It has been 
observed that in order to obtain the best yield of the most valu¬ 
able among the distillation products of rosin, it is necessary to 
remove the vapoui*s from the still into the condenser as quickly 
as possible, to prevent further decomposition by contact with tlie 
hot sides of the still. To eflect this an aiTangement is adopted 
in which the vapours are drawn out of the still by means of a 
pump as fast as they are formed. The combination of heating 
by superheated steam and the use of such a pump results in the 
best apparatus for the distillation of rosin, and we proceed now to 
describe one of this type constructed by the author. 

Apparatus for Superheating Ste.am. 

Every apparatus for superheating steam must consist ot‘ a 
lx)iler and a superheater. The boiler is an ordinary one capable 
of supplying steam at a pressure of several atmospheres. The 
superheater may be constructed in various ways. Figs IG and 
17 show one of the older forms used in connection with a large 
plant. 

Wrought iron pipes A are placed in a hearth where they are 
supported on fire-bricks set on end. The semi-circular copper 
bends B and C unite these pipes into a coil. In front of the 
hearth is an iron chamber D into which the steam pipe from the 
boiler opens. The object of D is to retain any water brought 
over from the boiler. A fire is made in the hearth so as to heat 
either all or part of the piping according to the amount of super¬ 
heat required The opening of the cock F admits the steam 
from D to the coil which can be heated to a temperature of 400® 
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C., or upwards, without increasing the steam pressure. At G 
where the steam leaves the superheater a thermometer can be 
inserted to enable the temperature to be regulated. This ther¬ 
mometer is, however, rarely used as the attendant soon learns 
how to fire so as to get steam of the temperature required. 

Another superheater, also of great excellence, is shown in 
Figs. 18 and 19. 

Here the coil is made of drawn wrought iron tubing. It lies 
in four layers, four tubes in the lower set, three in each of tlie 
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next two, and two only in the upper set. Tlie tubes are joined 
by elbows placed outside the furnace. 

By using superheated steam one is in a position to carry 
out with only one still a process which need n^ be interrupted 
except for short intervals, sufficient for the removal of the pitcli 
and for recharging the still with rosin, but for tlie sake of 
economizing fuel and with a view to the fact that when there is 
only one still any accidental damage to it stops the whole work 
of the factory till it is repaired or replaced, it is best to work 
with an apparatus in which two stills are combined with the 
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same superheater. This arrangement has the additional advan¬ 
tage that the superheater can be kept always heated, for towards 
the end of the distillation the temperatux'e of the still must be 
very high, and even at the beginning plenty of heat is required 
to fuse the new charge of rosin and begin the distillation as 
rapidly as possible. 

To heat the two stills independently the pipe by which the 



FiGB. 18 AND 19. 


wtoaiii leaves the superheater is divided into two branches, one 
Jor each still. Each branch is provided with a tap so that 
*steam can be sent to one still only or to both, and the amount of 
it can also be regulated 

In order to ensure that the largest possible proportion of the 
heat of the steam shall be utilized in heating the stills, it is made 
to pass through a flat coil just above the bottom of the still. 
The steam passes from the coil into the space between the still 
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and the brickwork in which it is set, so that it heats tlie still 
from the outside as well as from the inside. 

These are the general principles of construction of plant for 
distilling rosin oil; later we shall refer to the most important 
types now made. 

Combined Distilling Rectifying Apparatus. 

The greatest saving of time and fuel is secured by combining the 
apparatus for producing the crude rosin oil with that for rectifying 
it in such a way that the same superheater can be used for botli, 
we have therefore constructed a plant whicli undoubtedly woi'ks 
more cheaply and quickly than any other. As it also provides 
for the complete collection of the gas which is invariably produced 
in rosin distillation, we can justly assert that the apparatus as 
constructed by us answers fully every requirement which can be 
made of a plant of the kind; Our apparatus consists of the 
following parts:— 

1. A boiler large enough to give an uninterrupted supply of 
steam which need not, however, be at a very high pressure, two 
or three atmospheres being quite enough. 

2. A superheater built on the plan shown in Figs 18 and 10. 
The superheater is fairly large, since its heat is used to best ad¬ 
vantage when long tubes are used, as they deliver the steam at a 
very high temperature such as is required for resin distillation 
and rectification. 

3. Two exactly similar stills, each provided with a charge 
heater for the resin. Each still has a worm which is connected 
to an apparatus where the gases are separated from the liquid 
products. 

4. A rectifying apparatus large enough to rectify quickly the 
combined output of crude oil from the two stills so that there is 
no necessity for any interruption of the work. 

Figs. 20 to 23 inclusive show the separate parts of the whobi 
plant. 

Fig. 20 shows the arrangement of the two stills with their 
condensers and the vessel in which the gases and the liquids are 
separated and also the rectifying apparatus. The steam pipes 
from the superheater U enter the stills H, H, in which they tra¬ 
verse the coils D, D, the steam finally escaping at d, d. Tlie 
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stills are surrounded by brick chambers M into which pass the 
hot gases from the fire of the superheater. These gases together 
with the steam coming from the coils pass over the outsides of 
the stills and finally escape by the chimney S. This arrangement 
utilizes the heat of the superheater in the most complete manner 
possible. The rectifier K placed in front of the stills, is Uke them 
surrounded by a steam jacket and provided with an internal coil 
fed with steam from the superheater. This steam becomes fully 
condensed to water which flows away from the bottom of the 
jacket by a pipe. 



Fig. 20. 


Fig. 21 shows a vertical section of a rosin distilling apparatus. 
The coil of the still opens freely at d into the space between the 
still and the brickwork M. The pipe R for the exit from the 
still of the distillation products is at the upper part of the still 
A wide part of R receives the bulb of the thermometer T, the 
readings of which show the progi*ess of the distillation. At the 
lowest part of the still is a pipe P with a cock, for running out the 
pitch when the process is finished. Immediately above the still 
is the charge heating vessel K, heated like the still by the fire 
gases from the superheater, which enter at U. The flue gases 


I 
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leave for the chimney by S. The heater K has a valve V which 
can be raised to admit molten rosin to the still. K is made largo 
enough to hold the rosin required for one distillation. As soon 
as the distillation is over and the pitch is I’un out, the charge is 
run from K into H by lifting V and the distillation is at once 
recommenced The pipe from K goes nearly to the bottom of 
H. To prevent pieces of wood and other mechanical impurities 



from entering the still the valve V is completely enclosed in the 
tube IT made of wire gauze which acts as a filter. 

During the distillation Uquids condensed in the worm are ob¬ 
tained as well as uucondensible gases. To separate these tlio 
apparatus shown in Fig. 22 in vertical section is used. 

The separator T is so connected with the cooling worm that 
the whole of the products of the distillation must enter it. The 
cylindrical vessel T is di\'ided by the partition W, which reaches 
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nearly to the bottom of the cylinder, into two unequal pai 
The products from the still pass in by R, the liquid portions oJ 
collecting in T and finally filling it. There is then an overfl 
in an unbroken stream at F, while the gases escape by the p 
G. This may be made to lead into a gasometer, and the gas ( 
then be used to light the factory. Any gas over and above wl 
is required for this may be burnt in the superheater to eke ( 
the fuel there used. A is a hydrometer whi^ shows the sped 
gravity of the liquid issuing from the separator. 

The rectification apparatus shown in Fig. 23 consists of a si 



Fig, 22. 


R from the dome of which the pipe F carries the vapours to t 
worm. The thermometer T in the dome shows the temperature 
the issuing vapours, and the measuidng vessel fixed at the lo'w 
end of the worm contains the hydrometer A for determining t 
specific gravity of the distillate. E is the pipe which brings t 
oil to be rectified into the still. D is the steam coil which ope 
freely at d between the still and its setting. C is the pipe for i 
escape of the condensed water. It is not difiScult to arran 
matters so that the rectification apparatus is heated by bumi 
the gaseous products of the distillation of the resin. In this a 
a larger gasometer must be used and burners which mix t 
gas with the necessary amount of air for its proper coml;>usti( 
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Uninixed with air the resin gas bui*ns with a very smoky flame 
on account of the high percentage of carbon in it, but mixed witli 
the proper volume of air it burns with a very hot and non-smoky 
flame. Tliis method of heating is to be recommended as it admits 
of accurate regulation of the temperatm*e. 

A great variety of types of apparatus for distilling rosin have 
been proposed and the attention of practical men has been pai'ti- 
cularly drawn to that of Kramer and Flammer. This appoi^atus 
does not differ in its general arrangement from ordinary distilling 
plant. It is a vacuum apparatus, the vacuum being produced by a 
steam injector which is connected to the pipe from the still and 
sucks out the vapours as they are generated. Tliis secures only 



Fig 23. 


a moderate advantage, for all air is driven out by the time the 
distillation has been in progress for a short time by the gases and 
vapours which are evolved from the resin. There is, however a 
^tmet advantage in the use of the injector when the distillation 
^ effected over a naked fire. It is then impossible to keep the 
temperature within bounds, the sides of the still becoming mucli 
too hot, with the result that the decomposition often proceeds too 
far and the voain oil is to a large extent converted into gaseous 
eompomds The rapid extraction of the vapours from the still 
when the injector is used prevents this injurious action. Wlieii 
the heating is done with superheated steam, a very little care will 
enable the temperature to be very closely regulated by controlling 
the flow of steam, and no overheating of the sides of the still is 
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possible. In this case the sucking out of the vapours seems en¬ 
tire]}^ supe^erogator 3 ^ 

Vacuum Apparatus. 

The Kramer and Flammer apparatus for the distillation of 
i*osin in a space free from air is claimed by them to give a rosin 
oil superior in quality to that furnished by other apparatus. Tlie 
construction of the apparatus is shown in Eig 24. 

The still A is constructed to hold up to five tons of rosin. It 
is set in brickwork and heated over an open fire and also hy 



Pig. 24. 


steam circulating in the tube a b. Tlie products of distillation 
pass into the cooling worm C, whence they pass into the aii’-tight 
receivers D and E. The injector S communicates with D and 
continually sucks the vapours out of the still. To prevent waste 
of the combustible gases coming from the still it would seem ad¬ 
visable to lead the outlet pipe from the injector into the fire. 

In order to ascertain what difference there is between dis¬ 
tillation without air and distillation as ordinarily conducted, we 
liave instituted a series of accurate experiments Before begin¬ 
ning the distillation we expelled all the air from the apparatus 
with a stream of carbonic acid and kept the gas flowing con¬ 
tinually all through the distillation, so that it also swept out 
quicklj^ the products of the heating. As the presence of oxygen 
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which is supposed to have an injurious action on rosin oil was 
excluded by the continual stream of carbonic acid, the conditions 
were exactly the same as distilling in a vacuum. Accurate ob¬ 
servations could, however, detect no difference, either in the 
amount or in the quality and nature of the products, whotlior 
the distillation was done in carbonic acid over a naked fire or by 
superheated steam without carbonic acid. This result was- 
sufficient to decide us to discontinue the use of the injector. As 
already stated all the air in the apparatus is driven out very 
early in the distillation, the whole of the inteidor of the apparatiis- 
not occupied by melted resin becoming filled by rosin gas and tlie 
vapours of the rosin od. In this way the action of atmospheric 
oxygen on the oil is prevented. 

The Process of Resin Distillation. 

In the old factories practising the old crude method, where 
the whole apparatus consisted of a single still heated over a 
naked fire, and connected with a worm, the still was chai’ged to 
at most two-thirds of its capacity with rosin. It was then 
heated, and the fire was gi'adually increased until a drumming 
noise within the still announced the commencement of tlie de¬ 
composition of the rosin and drops of distillate began to issue 
from the worm. Then for a long time the attendant sought to 
manage the fire so that the distillate flowed at a uniform rate, 
but towards the end, when the distillate flowed more slowly, the 
fire was urged strongly and kept at its utmost height till all <li.s- 
tillation of liquid ceased. The fire was then drawn, the pitdi 
run out, and the still recharged, 

. Independently of the enormous waste of fuel which is ([uito 
unavoidable with this primitive method, the combustible gascss 
from the resin also are usually allowed to escape unbumt, tlui 
yield of the more valuable products of the distillation is much 
lower than it should be, because the rosin being a very bad con¬ 
ductor of heat, those parts of it in immediate contact with th(i 
sides of the still become overheated, so that far too little oil ami 
far too much gas is produced, while the oil actually obtained is 
of inferior quality. As in the present state of the industi'y it 
would hardly occur to anyone to distil rosin over an open 
we will leave that method and proceed to describe the course 
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taken when the distillation is executed with superheated steam. 
It must always be borne in mind that the aim of the foreman is 
to prevent the temperature of the still from rising higher than 
is absolutely necessary for proper and steady work. Great care 
must be taken that the decomposition never becomes violent. If 
it does it is a sure sign that the temperature is excessive, and the 
steam must be at once wholly shut off until the flow of the dis¬ 
tillate has greatly diminislied and no noise can be heard in the 
still. The superheated > steam is then again admitted, more 
cautiously until the distillation is brought back to its normal 
rate of progress. 

The first thing required is to fill the charge heater over the 
still with resin and then turn on the steam. This warms up the 
whole apparatus and the rosin in the charge heater is soon 
melted. It is then run into the still and the charge heater is re¬ 
filled ready for the next distillation. The first time a distillation 
is effected the time required for the proper performance of each 
of the various operations should be noted. When this has been 
done the attendant in charge can be furnished with the data, this, 
together with practical experience of the mixture in the still and 
the rate at which the liquid distillate leaves the worm, will 
enable him to manage the process properly. 

The beginning of the decomposition is announced by a slight 
rustling noise inside the still caused by the escape of bubbles of 
steam through the melted rosin. When the temperature of the 
resin has risen to about 150° C a liquid distillate begins to 
appear. Tliis is turbid and consists of a mixture of various 
liquids which separate into two layers on standing. As long as 
the turbid distillate flows the temperature is kept steady, but as 
soon as the flow ceases, it is further raised quickly to 200° and 
the receiver is changed. Receptacles must be completely filled 
with the fimt distillate and left standing till the separation into 
two sharp layers is complete. The lower layer is then run out 
into a special vessel The upper layer is a mixture of light 
hydrocarbons and is known as crude pinoline. The lower con¬ 
tains a considerable quantity of acetic acid accompanied by a 
smaller amount of formic acid and other members of the fatty 
acid series. By the time the temperature has reached 200° C., 
the distillate will flow pretty evenly, and the heat is again kept 
steady till the flow lessens markedly The temperature is then 
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again raised, but this time very gradually, because experience 
has shown that the more slowly it rises at this stage the larger 
the yield of rosin oil The quicker it rises the less oil and the 
more gas will be produced. 

When the temperature has reached about 210° C. the flow of 
the distillate becomes stronger, the pperator then waits till it 
again slackens before heating further. No definite estimate of 
the time required before a further heating is needed. It varies 
with the kind of rosin under treatment, therefore the first 
distillation of a fresh consignment of rosin must always bo 
carefully superintended to serve as a guide for the subseijuont 
batches 

In this way the temperature is gradually raised by 10° at 
time until a heat of from 350° to 360° is attained. It Hhould 
never exceed 360°. It is true that by using higher temp ora turen 
a little more oil can be obtained, but there is imininont risk of 
coking the pitch in the still. It would then adhere strongly to 
the steam coil, which is the hottest part of the apparatus, whero 
being a bad conductor of heat it would practically destroy the 
heating power of the coil and render it imperative to stop work, 
open the still, and clear the coke off the pipe. If, however, tho 
temperature of 360° is not exceeded, the pitcli in the still re¬ 
mains a mobile liquid which runs freely from the cock. When 
the pitch is discharged the pitch-cock is shut, and the still is 
refilled with the melted rosin in the charge heater. The valvo 
for this should be large so that the still is quickly filled W]ieii 
the still is^ completely recharged, but not before, steam is care¬ 
fully admitted to the coil and the distillation is soon in full 
swing, the apparatus not having cooled from the previous- 
operation. 

In a properly appointed factory, the distillation apparatus is 
always in duplicate, the work being so managed that one distilla¬ 
tion begins just as the other finishes, so that one man can-look 
after the two stfils,^ while another looks after the roctifieatioii,„ 
for which one^ still is sufficient. The products obtained in tlu> 
crude distillation may be regarded as finished products, but as 
we shall see, it is now the almost universal practice to rectify 
the oil, the larger factories rectifying their own products. 
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The Yield of Crude Products in Rosin Distillation. 

The amount of the products obtained depends mainly upon 
two factors, the nature of the rosin, and the way in which the 
distillation is conducted. As regards the rosin two lots of com¬ 
mercial rosin are never exactly alike. Some on the market is so 
contaminated with earth and stones that it gives a decidedly low 
yield of distillation products. It also happens, but less com¬ 
monly, that the tui'pentine has not been thoroughly extracted 
from the rosin at the place of production. Such rosin may yield 
appreciable quantities of turpentine oil at the commencement of 
the distillation. This is to the advantage of the rosin oil distiller, 
as oil of turpentine is a valuable product. 

Hence to obtain reliable data of the yield we must confine 
ourselves to rosin free from mechanical impurities. It is there¬ 
fore advisable to add to the distilling apparatus one for melting 
and filtering the rosin. 

The way in which the distillation is carried out has great 
influence both on the amount and on the nature of the products. 
If the rosin is rapidly brought to a very high temperature, we 
get far more gas than when the temperature is raised gradually^ 
with intervals during which it is kept constant. It is therefore 
, essential to bring the temperature at the beginning of the distil¬ 
lation to about 120° C., and keep it there as long as the distillate 
flows freely. At this temperature the liquid always contains 
acetic acid together with water and can be used for the produc¬ 
tion of that acid. * When the flow has nearly ceased, but not 
before, the temperature is raised^ to 160° C. and kept at that till 
the flow again nearly ceases. The temperature is then again 
raised, and the process is continued step by step, keeping each 
.successive temperature steady as long as it yields a fair amount 
of liquid distillate. Finally, when a temperature of 360° has been 
readied, the distillation may be regarded as finished, nothing 
remaining in the still but melted pitch 

Although the various oils in the first distillate must be 
separated, by a subsequent rectification, care has to be taken 
during the first distillation to change the receiver every time the 
temperature is raised. In this way a good deal of separation of 
the oils is effected and the rectification is greatly assisted. This 
affords a strong reason for effecting the distillation with super- 
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(heated steam, as in that way only can the temperature be 
regulated accurately enough to get the successive elevations at 
the proper intervals. How great is the influence of various 
methods of distillation upon the yield, is shown by the following 
examples of actual results obtained by various manufacturers. 
Five hundred pounds of American rosin gave:— 


No. 1. No. 2 

Liglit resin oil and acid watei . . . . 46 lb 60 lb 

Heavy resm oil (crude distillate) .... 376 ,, 880 „ 

Pitch. 86 ,, 40 „ 

•Gases. . . . 5 „ ? 


That these results are valueless appears from the circumstance 
that No. 2 gives 470 lb,, Le. 30 lb. less than the original rosin. 

Somewhat nearer the truth are the results next to be given. 
Two hundred pounds of rosin gave :— 


PinoUne 

, 




. 

6'2 :b 

Kesin oil . 

. 

, 

, 


. 

. 170«2 „ 

Ooke . . ." . 

, 


, 


, 

. 7-0 „ 

Water and acetic acid 

. , 


. 


. 

e-0 

Gas and loss 

. 

. 

. 


. 

10-8 „ 


200 lb. 


Even these results, however, appear of little value, for the - 
yield of pmoline i.e. that part of the distillate having a specific 
gravity below 0*9, is strikingly small, being only 3‘1 per cent of 
the total rosin. The fact that the residue is given as coke and 
not pitch, together with the figm*es for gas and loss, show that 
the distillation was improperly conducted. The contents of the 
still must have been rapidly brought to a liigli temperafciure, so 
high in fact that the pitch was decomposed and coked, and large 
quantities of gas were formed. The following results were 
obtained with the apparatus of Kramer and Flainmer from 
10,000 lb. of rosin in round numbers:— 


Light rosin oil (rosin OEsence) . 800 lb. 

Pale yellow i-osin oil. 6000 „ 

Blue roam oil . 1700 „ 

Green rosin oil. 1600 „ 


The most accurate data we possess of the yield of the various 
-distillation products are, however, those obtained by the chemist 
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Thenius. He gives the following average yields in percentage 
of the weight of rosin used:— 


Acid water 

Light orude rosin oil 

Heavy „ „ „ 

So-called train oil . 

Pitch 

Gases 


6*7 

11 4 (specific gravity 0*89) 

60*0 (blue with specific gravity 0*98) 
10*4 (specific gravity 0’94) 


18*6 

4*0 


If the diatillation apparatus permits the greatest possible uni¬ 
formity in heating the whole mass of rosin, the quantities of the 
various products are entirely different, much larger quantities of 
pinoline (carnphene) being obtained, and this must be regarded 
as a better result, seeing that the light oils are more valuable 
than the heavy ones. ^ 

It is well known that the resins are very bad conductors of 
heat, so that it is very diflScult to heat large quantities of rosin 
in a uniform manner. In using a naked fire, the rosin next the 
sides of the still may be fully decomposed, when the innermost 
portions of the mass have hardly begun to yield any distillate. 
By far the easiest way of heating the rosin uniformly through 
and through is to use superheated steam, so that distillation by 
its aid is the only really rational method. 





CHAPTER VII. 


THE natuhe op the crude products. 

In factories with primitive plant, in which the distillation of the 
resin was carried out over a naked fire, no attention was paid to 
the separation of the various oils according to their boiling points 
and specific gravities, all of them, light and heavy alike, being 
collected in the same receiver. The separation was effected solely 
after the fiirst distillation. 

In this way a distillate was obtained varying in colour from 
a pale yellow to a dark brown. Experience has shown that the 
age of the rosin when it is distilled has a notable influence on the 
colour of the distillate. Old dark rosin always gives a dai'ker oil 
than pale soft resin. When plant of more modem construction 
is used which effects some separation, if only partial, of the 
various oils, during the course of tlie first distillation the light oil 
comes over first. This in its crude state is pale or dark yellow. 
The heavy oils which follow are brown. As the distillation pro¬ 
ceeds, the oils come over darker and darker and finally attain a 
very dark brown indeed. 

All the crude distillates show fluorescence. The light oils 
have a bluish‘shimmer, but the heavy oils show a strong blue 
shimmer. The fluorescence of the last distillates shows a distinctly 
green shade. If crude rosin oil is kept where air has access to 
it, even to a limited extent, the whole liquid assumes a deep blue 
colour, and is then a special article of commerce known as “ blue 
oil''. Some makers also distinguish the oils which show a more 
or less pronounced green or brownish-olive hue, as “ green oil ” or 
'‘train oil”. 

Together with the liquid products, the distillation gives a large 
quantity of gas, which when lighted burns with a very bright 
light, far exceeding coal gas in illuminating power. Hence rosin 

( 70 ) 
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gas can be used very advantageously either for lighting purposes 
or as a fuel. 

Before the oils proper, a watery distillate comes over which 
contains a considerable quantity of acetic acid, and in works where 
it is made on a sufficiently large scale, this is used for the prepara¬ 
tion of pure acetic acid, or of the acetates of lime or iron. 

When the distillation has been properly conducted, the pitch 
remains in the still as a thin black liquid, which sets on cooling 
to a solid mass. If the bottom of the still has been overheated, 
part or all of the pitch is converted into a shiny black coke, much 
resembling ordinary coke produced from coal. This rosin coke 
makes excellent fuel. 

The Ohemioal Constituents of Rosin Oil. 

Rosin oil has a very complicated chemical composition. Al¬ 
though many chemists have worked at it, we cannot as yet con¬ 
sider that the subject has been thoroughly investigated. All rosin 
oils consist of hydrocarbons belonging to the family of terpenes 
and also of smaller quantities of ternary compounds of the nature 
of aldehydes. The best investigated of all the rosin oils are the 
“ light oils,” or “ rosin essence,” and the work has been chiefly 
done by Pelletier and Walter. These chemists purified the rosin 
essence of commerce with sulphuric acid and caustic potash lye, 
and then fractionally distilled the product they obtained with 
careful observations of the boiling points. By this method they 
prepared the following constituents of light rosin oil in a pure 
state:— 

Roain-naphtha or Retvn-naphtha .—This is a colourless mobile 
liquid darkened neither by air nor by light. It has a pleasant 
smell, a high refractive index, and will dissolve easily in alcohol, 
but not in water. It also dissolves in ether and in essential and 
fatty oils. It has a spicy burning taste and a specific gravity of 
0*86. It boils at about 108° 0. It is an isomer of toluol, having 
the formula CyHq. 

Retinyl {Rosin Oil ),—This is obtained in the fractional dis¬ 
tillation of resin essence when the temperature has risen to 160° 
C., the boiling point of the liquid. It is colourless, but less 
mobile than resin-naphtha. It has a specific gravity of 0*89, a 
bitter acrid taste, and is an isomer of cumol (OgHja). 
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Retinol (Rosin Train Oil ).—This comes over at 240° and has 
a specific gravity of 0*9. It is a clear colourless liquid darkened 
by light. It has neither smell nor taste and is remarkable for 
its great solvent power for sulphur. Its formula is OgHg. 

Resisterene [Rosin-tallow ).—This consists of the distillation 
products of resin which come over between 260° and 860°. At 
ordinary temperature it is a solid crystalline substance, fusing at 
67° and boiling at 325°. It is soluble in ether, absolute alcohol, 
essential oils, and liquid hydrocarbons. 

As in rectifying rosin oils on a large scale lime or other alkalies 
are much used to free the products from acid, various chemists 
have investigated the behaviour of rosin when it is distilled, not 
by itself but mixed with lime. In one investigation by Fremy 
the rosin was mixed with eight times its weight of lime, this pro¬ 
portion being chosen to discover the action of the alkali upon the 
rosin. In practice the amount of lime used is of counae much 
smaller, so that less of the products to be now mentioned will be 
obtained in the distillate. 

In distilling rosin with lime, we get, together with small quan¬ 
tities of several other bodies, mainly two substances, which are 
of technical interest:— 

Resinon and Resineon .—Resinon is a very mobile colourless 
liquid with a sharp burning taste It is very inflammable and 
boils at 78° 0. Resineon boils at 148°, is less mobile than resinon, 
has a less pungent taste, and is less soluble in spirit. It is cer¬ 
tain that quantities of these two bodies are always present in 
rosin oils which have been rectified with lime 

Later researches by Renard and Berthelot on the constitution 
of rosin oil led them to infer that it is a mixture of three hydro¬ 
carbons only. They say that the portion boiling between 300° 
and 360° 0. consists of two of these, diterebenthylene (OaoHgs) and 
didecene (CaoHjg), The third hydrocarbon is caUed diterebenthyl 
and forma the largest part of the oil. Its formula is C 20 H 30 , it 
boils between 343° and 346°, has a specific gravity of 0*9688, and 
is an oily colourless liquid. According to Renard, the average 
composition of rosin oil is:— 

Diterebenthyl OjoH^ Boiling point 333° to 886° C, 80 per cent, 
Diterebenthylene „ 346° „ 850° 0. 10 „ 

Didecene OaoHs^ „ 830° „ 336° G. 10 
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THE RBOTIPIOATION OE ROSIN OIL. 

If the distillation is so conducted that all the products are col¬ 
lected in the same receiver, a separation afterwards by rectifica¬ 
tion of the light and heavy oils is indispensable. If the distilling 
apparatus could be arranged for fractional distillation this separa¬ 
tion could be effected without further treatment, but with the 
very large quantities of rosin that are treated, this is scarcely 
possible, so that the fractionation must be done by means of a 
subsequent rectification. 

The rectification can, however, be greatly simplified by collect¬ 
ing the first products of the crude distillates separately in two 
portions. Several lots of each of these will give enough liquid 
for one rectification. If the final distillates are also collected in 
two separate portions according to the temperatures at which 
they came over, the rectification can be carried out in a very 
complete and simple manner. In many factories the rectification 
is still performed in a very primitive way. The foreman judges of 
the progress of the distillation simply by the appearance of the 
distillate without giving any attention either to its boiling point 
or to its specific gravity. It is easy to see that a sharp separa¬ 
tion of light, medium and heavy oils cannot be secured in such a 
manner. Both boiling point and specific gravity must be attended 
to in accurate fractionation and hence a thermometer must be 
put into tlie still and a hydi’ometer into the receiver. In working 
up the first portions of the crude distillate, whicli consist for the 
most part of the light oils, we observe that the thermometer after 
rising to a certain point remains stationary for a time, during 
which the hydrometer shows a constant specific gravity of the 
distillate. Presently, however, the stream from the worm slackens, 
and finally stops altogether. This shows that all the light oils 
have come over and that heavy oils only remain in the still.. 

(73) 
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These are removed and distilled with the second portion of the 
crude distillate. 

If the light oils contain water they froth very much during 
rectification and may hoil over even if only two-thirds full. The 
remedy is, of course, to separate the water as far as possible be¬ 
fore rectifying. This is done by collecting a large quantity of 
the first crude distillate and allowing it to stand before rectifica¬ 
tion until all the oils have risen to the surface and perfectly clear 
water can be drawn off from below them. The water drawn off 
will be opalescent as long as the separation is not complete. 

In distilling the light oils it is advisable to keep the receiver 
unchanged while the distillate shows a specific gravity below 0*891 
or 0*895 at the most. When the hydrometer shows that this 
specific gravity has been reached the receiver is changed, because 
the next portion of distillate belongs to the heavy oils. The 
small quantities of light oils that have not yet come over are 
recovered in the rectification of the heavy oils. 

Heavy oils are collected while the specific gravity is rising 
from 0*895 to 0*935. Between these limits are obtained what 
may be called ‘'heavy blue oils*’. The tempex’ature is about 
580° G, and the distillate has a full wine-yellow colour, is 
opalescent and shows a blue fluorescence at the edges. The 
heavy oils with a greater specific gravity than 0*935 are brownish 
opalescent, and have a greenish fluorescence at the edges. Their 
average specific gravity is 0 940 and they are known by the name 
of brown rosin oil or train oil. 

If a still heated by superheated steam is used the following 
are the average yields of the various products in percentage of 
the raw oil:— 

Raw light rosin oil .11‘26 to 12 

Raw heavy blue rosin oil.49 „ 60^6 

Raw brown roBin oil.10*26 ,, 10*66 

Pitoh.18 „ 19 

Water and acetic acid.6*6 „ 6*8 

The Purification of Rosin Oil. 

The foregoing remarks are concerned with the separation from 
one another of the thi'ee chief products of the distillation without 
freeing them from the small quantities of other substances which 
they contain, and which although small in quantity cling to them 
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■vrith great pertinacity. The further purification from these is a 
diemical and not a distillation procesa The impurities consist 
•chiefly of free acids together with small quantities of esters of 
the acids, so that alkalis are used for the purification, e.g. quick¬ 
lime or caustic soda. Some processes less employed in actual 
practice are based on the use of powerful oxidizing agents, such 
AS nitric acid or a mixture of peroxide of lead and hydrochloric 
Acid. Of late sulphuric acid has been extensively utilized in 
purifying the heavy oils. 

Of the two alkalis, lime has the advantage in respect of cost, 
but caustic soda in respect of convenience, for the lime in removing 
the impurities forms with some of them difiicultly soluble com¬ 
pounds which renders the cleaning of the apparatus troublesome. 
Caustic soda on the other hand forms (with the impurities) soluble 
compounds which can be rinsed out without difficulty. Besides, 
the progi'ess of chemical industries has now resulted in caustic 
soda being so cheap that for our purpose the excess cost over 
quicklime is really of little importance compared with the superior 
advantages which it confers. In purifying light rosin oils, it is 
a great point to obtain a colourless product, for such only are 
suitable for illuminating purjoses. 

The Purification op Pinoline or Camphene. 

Pinoline or camphene is the commercial name of light rosin 
oil which has been purified till it is colourless. Before petroleum 
had attained its present pre-eminence as a fuel for lamps, pinoline 
was a far more important substance than it now is, for it was the 
only liquid which would give a pure white light without smoke. 
Even at the present time for the usee to which it is put it must 
still be brought to a high state of purity. 

To purify pinoline with caustic soda about 2 Ib. of the solid 
hydrate are required for every 100 lb, of the oil, this being used 
dissolved in about 2-J- gallons of water. The oil is run into a 
vessel provided with a stirrer and when the latter has been set 
going the soda lye is run in in a- thin stream. As scon as all the 
lye is in the stirrer is stopped, and after settling, the oil is run 
into the still and quickly heated till the first drops of distillate 
appear. The heat is then regulated so that the distillate comes 
over in only a thin stream. It often happens that at the begin- 
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ning of the distillation a little liquid of a pale yellow colour 
comes over, this being repeated towards the end. These fiiTat 
and last distillates ’are .thei'efore collected separately to be re¬ 
purified later.T The intermediate portions are colourless, have an 
agreeable smell, and consist of pure pinoline. The purity of 
pinoline is generally judged by its behaviour when shaken up in 
a bottle. The air should not thicken it or turn it brown It 
should also)bum in a good petroleum lamp with a bright flame 
without smoke and leave no residue on the wick. 

Pinoline‘was formerly purified with a mixture of caustic lime 
and carbonate of soda, which form caustic soda and carbonate of 
lime during the^.process. The latter being insoluble gave great 
trouble in cleaning out the still. The old method was to put 
into the still 100 gallons of water containing 20 lb of carbonate 
of soda in solution. A hundred pounds of quicklime were then 
put in for 100 gallons of the crude light oil. The boiling attend¬ 
ing distillation mixed the liqmds. It is easy to see that this 
process gives more trouble than the use of caustic soda, and in 
large factories it is almost entirely abandoned. 

The Purification of the Heavy Rosin Oils 

The care to, be bestowed upon the purification of the heavy 
oils depends upon the use for which they are intended. The 
purification consists in deodorization, in the removal of free acid, 
and in the destruction of the substances which cause the fluor¬ 
escence. A first-class product must be of a pale yellow colour 
and have neither fluorescence nor smell. Such is the degree of 
purification required for a lubricant, for it is only such an oil 
that is without action on the metals with which it ccmes into 
contact in machinery 

Much heavy oil, however, is used for cart grease. Here the 
fluorescence and smell are not of great importance, so that the* 
purification can be confined to the removal of acid. The same 
applies to heavy rosin oils intended for the manufacture of lamp¬ 
black or of printer’s ink. 

All the purification processes then include a destruction or 
neutralization of any free acid present, combined if necessary 
with the removal of the fluorescence and of the odorous impurities. 
The ebemicals used can be classed into two gi'oups, mineral acids* 
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and caustic alkalis. Proper use o£ either will secure the result 
desired, but if caustic alkalis are used the by-products accompany¬ 
ing the purified oil arc of value, whereby theii'use is to be preferred 
to that of ininei'al acid on financial grounds. We shall proceed 
to describe the most important of the many methods which have 
been devised, with the prefatory remark that many* new processes 
have boon boomed as impoi’tant improvements when‘the changes 
were simply made for the sake of novelty 

The Herubuhger Purifioation Method. 

This process although rather expensive gives a perfectly 
■colourless oil quite free from smell and fluorescence, and hence 
as regards the quality of the product, answei’S every require¬ 
ment. To produce this highly purified oil we must confine our¬ 
selves to the second, third and fourth fractious of the rosin 
distillate, and as the purification is easier the less the distillate 
has been exposed to the air, it should follow the distillation as 
closely as convenient. If this cannot be done the oil must be 
kept in full air-tight vessels during the interval. 

The oil to be purified is heated by a steam coil in a wooden 
vat provided with a stirrer. With continual stirring the tempera¬ 
ture is gradually and steadily raised to 43” C. When this 
point is reached 5 lb. of nitric acid of 1*2 specific gravity to 
every 100 lb. of oil is run in in a thin stream. When all the 
acid has been stirred in the rouser is stopped, and the mass is left 
at rest for five to six hours. During this time the acid oxidizes 
the impurities which form a tarry sediment. To ensure complete 
settlement the oil must be kept fluid by maintaining a tempera¬ 
ture of about 40° C. during the precipitation. The sediment is 
then withdrawn by a cock at the bottom of the vat. The oil 
remaining in the vat is washed again and again, each time by 
stirring it up in about a fifth of its bulk of hot water, until after 
standing the water can be run oflf quite colourless. The separated 
oil is then rectified with 2 per cent of its weight of caustic soda 
lye of 25" B. which removes the last traces of acid. On dis¬ 
tilling this mixture of wasluid oil and caustic soda we get first 
.a dark yellow distillate having a powerful odoux*. This is collected 
aepai'ately and mixed with some crude oil for another rectification. 
Tliere follows a pure distillate and at the end of the distillation 
wo get a little more yellow oil. The smell of this last fraction 
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is, however, very slight and can be removed by exposure to the- 
air for a few days To get the greatest possible amount of colour¬ 
less distillate, the distillation must proceed very slowly and the 
condensation must be thoroughly efficient. Unless these two- 
conditions are fulfilled none of the distillate is ever really colour¬ 
less 

The cliaracteristic feature of Herrburger’s process is the use 
of nitric acid This powerful oxidizing agent nitrates the phenolie 
substances in the rosin oil, forming bodies soluble in water,, 
especially in hot water, so that the above described rinsing of the 
oil removes them entirely. The tarry sediment consists of the- 
products of the action of the acid upon other impurities whose- 
nature is as yet but imperfectly understood. 

The Kramer and Flammer Purification Method. ^ 

This process consists in treatment with concentrated caustic 
soda lye followed by passing a strong current of air for a long' 
time through the heated oil. In this way very largo quantities- 
of oxygen are brought into contact with the oil at a high tempera¬ 
ture exerting upon it an action similar to that produced by the- 
nitric acid in the Herrburger process converting a number of the 
impurities into tar-like bodies 

According to the patent specification the process is carided 
out as follows :— 

The yellow oil is placed in a vat which contains a steam coil 
opening freely into the oil. Here the oil is quickly brought to- 
the boil by steam at about three atmospheres pressure. As soon 
as the boiling temperature is reached, 6 lb. of caustic soda lye of 
36 ** B. are run in for every 100 lb. of oil, and the boiling is con¬ 
tinued until a sample of the contents of the vat separates quickly 
into an oily and a watery layer on standing. This show9 that 
the alkali has completely saponified the resin acids oiuginally 
present When this saponification is incomplete a sample re¬ 
mains turbid and dark brown for a very long time. 

The contents are now left to stand till the oil has formed a 
clear layer above the solution of rosin soap. The latter is then 
run oflF and replaced by water, the volume of whicli is equal to 
one quarter of that of the oil. Boiling is then resumed and kept 
up till a sample separates quickly on cooling. The water is theix 
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run off and mixed with the soap solution previously withdrawn 
for further manipulation. 

The oil is now transferred to a vat with a false bottom and a 
steam coil. Here the oil is heated as quickly as possible to 60° or 
80° 0., at the same time a blast of air is blown through it in a 
number of fine streams, by means of an injector. After the blow¬ 
ing has lasted for three hours, the temperature is raised to 100° 
0. and the blast is increased The resulting oxidation further 
'raises the temperature to 110° or even 115° C,, the end of the 
process being indicated when the temperature ceases to rise. 

This process gives an oil quite free from acid and from fluores¬ 
cence. The smell is, however^ not entirely removed, although it 
becomes very slight. 

The rosin-soap solution obtained as above described can be 
mixed with other soap in the course of manufacture, or can be 
used for making resinic acid by the following process :— 

A stream of carbonic acid is passed tlmough the solution until 
it ceases to be absorbed. The solution soon becomes turbid with 
resinic acid liberated by the carbon dioxide from the soap. The 
precipitated clots of resinic acid are collected and distilled with 
the next lot ofjpshi, while the solution from which they are re¬ 
moved and consists simply of carbonate of soda, can be 

used for the preparation of caustic soda by means of quicklime* 

The W, Kelbe Purification Method. 

This process differs from that of Kramer and Flammer in that 
no aeration of the oil follows the treatment with caustic soda lye, 
Kelbe uses 16 litres of caustic soda lye of specific gravity IT 15 
for every 100 kilogi'ams of raw oil and heats to a .temperature 
of 120° C. This quantity of lye cannot, however, be regarded 
as an invariable quantity. Some crude oils will need more, 
others less. The chief aim of the process, as is the case with all 
those in which caustic soda is used, is the saponification of the 
resin acids in the crude oil, and as their amount varies, the amount 
of lye required will vary in proportion. 

There are certain practical tests for ascertaining whether 
sufficient caustic soda lye has been used. If a sample is dark 
brown after long boiling and quickly separates into two layers 
on standing, a clear pale oil-layer above with a dark brown soap 
solution below, exactly the right amount of lyc has been used 
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If solid matter is seen floating in the brown soap solution, too 
little water is present to dissolve all the soap. In this case, if 
some hot water is added the solid flakes will disappear. 

According to Kelbe it is of special importance to keep the 
temperature strictly between certain limits. During the time 
subsequent to the half-hour's boiling of the oil with the lye, the 
temperature must not fall below 60°, or rise above 66°. Below 
50® the oil is thick, and is therefore unable to rise quickly enough 
above the soap solution. If the temperature exceeds 65° the dark 
coloured soap solution imparts some of its colomdng matter to the 
oil. 

After repeated treatment with water the oil is put into large 
flat pans in which it is kept at a temperature of 60° to 80° C for 
a few days. Water and volatile oils then escape from it by eva¬ 
poration. At the same time the fluorescent»bodies are wholly 
destroyed, and the major portion of the odoious bodies also dis¬ 
appears, leaving a pale yellow oil almost entirely destitute of 
smell. It is easy to see that the lengthy heating of the oil in 
shallow vessels evaporates some substances and oxidizes others 
just as the air blast does in the Kramer-Flammer process. 

The Hoffman Purification Method. 

This purification process is based upon the fact that fuming 
sulphuric acid destroys the impurities in the crude oil. Hofiman 
gives the following directions. Heat 200 lb. of the oil in a pan 
till it is of a thin consistency. Then remove the pan from the 
fire and drop into it, with continual stirring, 3 lb. of fuming sul¬ 
phuric acid. Continue stirring for half an hour after the acid 
is all in, then allow the mixture to stand for twelve hours. At 
the expiration of this time the clear oil is ladled off from the 
sediment and washed with hot water till the water ceases to ac¬ 
quire an acid reaction to blue litmus paper. This treatment with 
fuming sulphuric acid gives an oil of a rather dark yellow, and 
having a slight smell, but no fluorescence. To obtain the oil pale 
and entirely without odour, a second treatment must be resorted 
to which may be regarded as an oxidation and bleaching process. 

Every 100 lb. of oil is shaken with 1 lb. of water in a glass 
flask, and then treated with 8 lb. of hydrochloric acid previously 
-diluted with 1 gallon of water. The acid is gradually stirred 
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into the oil. Tliero are next added 1 lb. of red load and 6 lb. 
more of the dilute acid. The whole mass is repeatedly shaken 
up in the Hask during several days. The oil is then decanted 
from the precipitate and washed with water till the wash watei 
has no acid reaction. The oil is finally exposed for a week in 
white glass flasks to tlie full rays of the sun. It is said that the 
final production is a very pale yellow oil, which answers excel¬ 
lently as a lubricant when mixed with half its volume of a fatt}’’ 
oil. 

The various processes for rosin oil purification just described 
certiiinly all produce a non-fluorescent acid-free oil with very 
little smell, but the cost of canyingthem out varies considerably. 
That of Hoffman is the most expensive of all, for it requires a 
considerable quantity of cliemicals, and even then a special 
bleaching of the oil by light is required to render it suflSciently 
pale. 

It is scarcely necessary to say that tlie beat process for puri- 
1‘ying rosin oil is not one that gives worthless by-products, or 
flucli as are only available as fuel at the best, but one which en¬ 
ables the impurities removed from the oil to be used. 

According to our experience the best method is that in which 
the purification is effected with caustic soda lye, for the consider¬ 
able quantity of resin acid occurring in all cinide oils forms rosin 
soap with the soda. The soap can be recovered either by evapor¬ 
ation of the solutions and can be used by the rosin factory, or 
sold to soap boilers for adniixtui'o with common soaps. But as 
caustic soda alone will not give a product of suflicieut purity the 
treatment with the alkali must l)e followed not only by washing 
but by a further purification. As this is always done by oxida¬ 
tion, it can be efiected either by nitric acid or with the aid of 
heat by a blast ot air maintained for a suflScient time. 

In whatever manner the oil has been purified it retains in 
most cases a pale yellow colour. To get rid of this, as well as of 
tlie lovst traces of smell, it is much to be recommended that the 
■oil sliould bo exposed to the sun in large gloss flasks (the glass 
must be wliito) for a time varying with the strength of the 
sunlight. As a rule about two weeks^ exposure is suflicient, tlie 
final result being the purest product that can be obtained from 
rosin distillates. The flasks must be quite full and stoppered 
air-tight. 
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Distillation of Eosin with Alkalis. 

If rosin is distiUed dry by itself, together with the rosin oils 
and gases, a considerable quantity of acid passes over with the 
oil and dissolves in it, this must be separated from it by one 
of the previously described methods: 

There is, however, a special method of distillation which pre¬ 
vents any acid coming over with the distillate keeping it back in 
tlie still. This method consists in using alkali in the still along 
with the rosin; all the acids then combine with the alkali as they 
are formed and are converted into soap-like products. For this 
purpose two alkalis are available, caustic lime (quicklime) and 
caustic soda. The former has the advantage of being the cheaper 
of the two, the latter of forming utilizable soluble salts with the 
resin acid. If quicklime is used, the only way of separating the 
acid from the lime soap is to boil it with dilute sulphuric acid, 
when the lime is precipitated as sulphate, and the liberated 
resinic acid collects in clots which float about in the liquid. These 
clots can be distilled with a charge of rosin. It is much simpler, 
however, to distil with caustic soda. A rather strong solution of 
the alkali in water is made and put along with the rosin into the 
stiU. The distillate is then free from acid from the beginning, 
the rosin-soda-soap solution can be easily removed, and either 
concentrated by further evaporation or be used as an addition to 
an ordinary soap. This production of rosin soap in the still 
necessarily diminishes the yield of crude oil, but that obtained is 
much easier to purify, besides which the rosin soap remaining in 
the still is a very valuable product. Calculation has shown that 
rosin distillation with caustic soda is more economical than dis¬ 
tillation alone. It must not be forgotten that caustic soda is used 
in the purification of the crude oil, and that the quantity of tlie 
refined oil is necessarily smaller than that of the crude distillate. 

The amount of quicklime or caustic soda to bo used for a 
given quantity of rosin depends upon the origin and the age of 
the latter. As a i-ule, however, from 6 to 9 per cent on the 
weight of the rosin, of either, is sufficient. 

The Manufacture of Cod Oil. 

The oil known as cod oil, or train oil, is made in a special 
way, somewhat resembling the distillation of rosin with caustic 



THE EECTIFICATION OF ROSIN OIL. 


83 


soda The name cod oil is used because the oil has a consistency 
resembling that of genuine cod-liver oil, so much so that it is 
used for the adulteration of the latter 

Cod oil is made from the blue oils of rosin distillation in the 
following manner;— 

The blue oils are boiled with water for twenty-four hours, 
the water being renewed as it evaporates. Tlie water is "then 
run off and the necessary amount of caustic soda lye of 37° B. is 
added to the oil. The resulting saponification of the free resin 
acid produces a buttery, nearly solid mass, which is distilled as 
long as it continues to yield a liquid distillate The seconds cod 
oil thus made is placed in an iron vessel, having on the bottom a 
layer of powdered plaster of Paris. The plaster frees the oil 
from water, the result being a first quality cod oil. 

Cod oils are rather yellow in colour, but are almost always 
the palest of all the rosin oils. They should exhibit nothing 
more than a very faint bluish fiuorescence. Cod oil differs from 
the other kinds of rosin oil, also in its strikingly high boiling 
point. While the boiling point of the ordinary heavy oils is in 
the neighbourhood of 200° C., cod oils boil at 230° to 240° Most, 
of the samples we have tested boiled at 236°. 

The General Properties of Eosin Oils. 

The products put upon the market as rosin oils show con¬ 
siderable differences in properties according to the extent to 
which they have been refined. They ai'e liquids, and being more 
or less thick, flow in a manner recalling very old linseed oil. 
Their colour is usually yellow or orange-yellow, but is sometimes 
a pure red 

Near the surface of rosin oil when examined in a glass, blue 
fluorescence is almost always observed, although it may be only 
very slight The smell of a properly prepared rosin oil is 
pleasant, its specific gravity should not be below 0*96 or above 
0*99, and the boiling point should not vai-y much from 200° C. 
When strongly cooled, rosin oil does not change greatly in con¬ 
sistency, this property being very favourable to its use as a 
lubi'icant, for the change in temperatm’e between summer and 
winter makes very little difference in the consistency of a rosin 
oil lubricant 
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Very highly purified rosin oil has no trace of acid reaction 
and is unaltered by exposure to the air, i e. does not resinify. 
By treatment with twice its volume of strong alcohol, rosin oil 
is dissolved, usually to the extent of from 50 to 70 per cent. 
The properties mentioned above in this paragraph apply, how¬ 
ever, to very carefully purified oils. Ordinary commercial oil 
has generally a fairly strong acid reaction, and easily absorbs 
considei’able amounts of oxygen when exposed in thin layers to 
the air. By so doing it thickens sometimes so much that it will 
scarcely flow. Hence rosin oil in its behaviour to air greatly 
resembles ordinary drying oils, and for that reason can replace 
them to some extent in varnish making. On account of its 
affinity for oxygen, and the thickening it undergoes, by this 
absorption, rosin oil cannot be used by itself as a lubricant, as 
the resinification of the oil would make it very difficult to clean 
the machinery. The researches of Bach show the great absorptive 
power of rosin oil for oxygen. According to him, 1 gramme 
of ordinary rosin oil absorbs no less than 181 c.c. of oxygen, and 
1 gramme of cod oil of specific gravity 0'963 absorbs 76‘3 c.c. of 
oxygen. Compared with these numbers the amount of oxygen 
absorbed by petroleum is very small, being only 0'45 to 0 7 c.c. 
per gramme of oil 

Bosin oil has, however, practically ceased to be used as a lubri¬ 
cant for machinery, having been replaced by the heavy petroleum 
oils which answer the purpose admirably. The low price of petrol¬ 
eum has also‘led to products being put on the market as rosin 
oil, which contain only 60 to 70 per cent of that substance, the 
rest consisting of heavy petroleum oils. Unfortunately, too, 
rosin oil is a very favourite adulterant of fatty oils, especially 
linseed oil and rape oil, and the finer kinds of seal and fish oil are 
also falsified with rosin oil. It has already been mentioned that 
some rosin oils are known as train oil from their outward re¬ 
semblance to fish oil. 

The chief use of rosin oil is unquestionably in the manu¬ 
facture of cart gi-ease, for making special kinds of paint, and for 
the production of the finest kind of lamp-black, such as is used 
for preparing art printing inks. To a leaser extent rosin oil is 
used for making brewers’ pitch, and a low quality as an ingredient 
in sealing wax for bottles. 
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Rosin Oil Varnishes. 


reat absorptive power for oxygen possessed by rosin oil, 
Dwer of thickening, has led to attempts being made to 
> it for drying fatty oils, such as, for instance, linseed, 
inufacture of varnishes. In one sense advantage is to 
d by so doing, as rosin oil is very much cheaper than 
1. The method adopted is analogous to that followed 
sed oil. As is well known linseed oil is made into a 
L by heating it for a considerable time with certain sub- 
lown as driers. These were formerly exclusively lead 
Is, especially litharge and red lead, and occasionally 
lead. Experience has shown, however, that although 
acts obtained left nothing to be desired in respect of 
ing, they had the drawback of darkening very much 
when exposed to the air. This eflFect is produced by the 
bed hydrogen in the atmosphere, which gradually con- 
lead in the oil into black sulphide of lead, 
went this darkening of the oil and varnishes made with 
Iriers are now employed which are nob so affected; the 
lese being manganous borate and linoleate. 
ling to various published recipes a good resin oil varnish 
ide by dissolving melted rosin in hot rosin oil, adding 
‘eferably manganous borate) and continuing the heat 
•oper consistency is obtained. Some makers say also 
y good varnish is obtained by adding certain sulphur 
is in addition. 

pe including no sulphur (the object of which certainly 
btful from a chemical point of view) is as follows :— 


bony from pine-rosm 
rosin oil . 

1 linseed oil 

ue . . . . 

turpentine 


100 lb 
60 „ 
40 „ 
100 „ 
80 


igredients are mixed in the following manner: The 
is made rather hot, and the colophony, first broken 
pieces, is dissolved in it by stirring. The temperature 
owed to fall a little, the rosin oil is next added, then 
le, and finally the turpentine. After thorough mixing, 
is allowed to stand and settle, and is lastly filtered 
. cloth. As regards the pinoline^ it seems advisable to 
ly when no other use can be found for it, or if it is 
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cheaper than oil of turpentine. If these conditions do not hold 
it is beat to replace the pinoline by as much turpentine as may 
be necessary. Pinoline is inflammable and very volatile, there¬ 
fore its use is accompanied by conjsiderable risk of fire. It may 
easily happen in making a varnish with it by artificial light that 
the liquid may be accidentally ignited. 

It is true that the use of the pine-rosin colophony results in 
the varnish being made niuch cheaper, but it has also its dis¬ 
advantages. Experience has proved that rosin oil varnishes 
containing such a proportion of pine-rosin colophony as men¬ 
tioned in the recipe soon lose their beautiful lustre, and when 
they are exposed alternately to wet and to the rays of the sun, as 
when the varnish is used for garden seats, wooden fencing, etc., 
soon turn dull and whitish. To produce a varnish free from 
these drawbacks it is therefore advisable to use much smaller 
quantities of the colophony than directed. If instead of 100 lb., 
25 to 50 lb. are taken, a varnish is obtained which has the above 
disadvantage in a leas marked degree. 

To prepare rosin oil varnishes, which are really comparable 
to fatty oil varnishes in appearance and durability, it is essential 
that the pine colophony should be replaced entirely or almost 
entirely by a resinate. As we shall subsequently see, the 
resinates have the property of forming very thick solutions, 
which, on evaporation of the solvent, form hard lustrous coats 
offering very great resistance to the weather. The best resinates 
to use are those of alumina and zinc. 

Still cheaper rosin oil varnishes can be made by partly con¬ 
verting the pine-rosin colophony into resinate of lime, and using 
this instead of the pure colophony. iTor preparing this the pine- 
rosin colophony is melted and heated till it begins to emit heavy 
fumes, whereupon quicklime in very fine powder is stirred into 
it. The lime readily unites with the resin acid of the colophony, 
but care must be taken that no excess of lime is left in the mass. 
When resinate of lime is used the varnish is prepared as follows: 
The rosin oil and linseed oil are fii’st heated together and then 
the resinate of lime is carefully stirred iU until a sample of the 
mass is rather thick after quick cooling. The oil of turpentine 
is then added, and if the varnish is not then thin enough rosin 
oil is added in small portions with heating until the cold varnish 
has the proper consistency. 



CHAPTER IX. 

THE MANUFACTURE OF PATENT LUBRICANTS. 

The names patent lubricant and patent cart grease are applied 
to special compositions which have now nearly superseded other 
lubricants for ordinary vehicles on the market. The chief 
superiority of the former lies in their cheapness, as they cost 
much less than lubricants containing ordinary fats or soaps. 
They have, however, another valuable property not possessed by 
fatty lubricants. They are practically unaffected by changes of 
temperature It is often necessary to use at least two kinds of 
fat lubricant, one in the winter and the other in the summer. 
The patent lubricants can be used unchanged all the year round. 

The fundamental ingredient of every patent lubricant is what 
may be called a lime-rosin-oil soap. This may be termed patent 
soap for convenience. 

If an attempt is made to saponify rosin oil with caustic soda 
or potash, it will be found that even the strongest lyes have very 
little action upon it At the utmost per cent of the oil is 
saponified. If this soap is decomposed with an acid, a semi-solid 
brown substance having a strong resinous smell is formed, which 
greatly resembles the acid of the rosin from which the oil was 
made. 

Rosin oil behaves very difierently with the alkaline earths. 
On boiling rosin oil with quicklime the latter gradually dissolves, 
forming a mass of about the consistency of butter. This is dark 
brown in colour and can be mixed with more rosin oil, so as 
to possess any desired degree of thickness. This mass is the 
patent soap. Chemically, however, it does not show the pro- 
pei-ties of a soap. It is probably a solid solution of lime-rosin 
soap with hydrocarbons. 

In making the patent soap on a large scale, the first considera¬ 
tion is to procure the proper kind of lime. Many limestones con¬ 
tain carbonate of magnesia, the lime burnt from them conse- 
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quently containing magnesia. Such lime is quite unsuitable for 
patent soap making. The lime used must be pure This is easily- 
tested by slaking it. Pure lime rapidly absorbs large quantities 
of water, soon breaks up, evolves much heat and forms a very 
soft powder. If there is much magnesia in the lime it slakes on 
the other hand very slowly, and evolves but little heat Pure 
slaked lime is called fat lime, because when mixed with water it 
can be spread like butter, a property of which magnesian lime is 
entirely destitute, so that it is called thin. 

A pure lime having been procured, the first process is to slake 
it The lime is spread upon a floor free from sand and dust, and 
a weight of water equal to half that of the lime is scattered over 
it from a rose, this gradual sprinkling being continued uniformly 
over all the lime till it has completely fallen into a fine dry 
powder. Care must be taken to use no more water than is ab¬ 
solutely necessary to produce this result, as the slaked lime must 
show no visible sign of the presence of water. 

As even the very best limes may contain grains of sand, the 
powder thus obtained must be sifted through a fine sieve to- 
separate them. Slaked lime absorbs carbonic acid from the air 
with avidity ; to prevent it from doing so it must be cashed as 
soon as made and sifted, and closed up so that the air is kept from 
contact with it. 

To make the patent soap, a large iron pan is required, pro¬ 
vided with a stirrer. The rosin oil is put into this and heated 
nearly to boiling over an open fire. Then 80 lb. of slaked lime 
for every 100 of oil is added, stirring it in a little at a time, 
waiting after each addition till the white streaks at first formed 
disappear. After the lime is all in, the heating and stirring are 
still kept up till the contents of the pan form a tough syrupy 
mass, which can be drawn out into long threads by dipping in a 
spatula. The process must not be regarded as complete before a 
sample of the mass painted thinly on glass shows a perfectly 
uniform yellow or brownish appearance, without the least trace of 
white specks of undissolved lime. Such specks must not appear 
even under a magnifying glass. 

The finished patent soap will keep fit for use for an indefinite 
time, but as it must be heated to convert it into a lubricant, it ie 
a saving of fuel to work it up as soon as made and whale it ia 
still hot, so that it has simply to be ladled into another pan. 
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An enormous number of recipes for making patent cart- 
greases are available, the products usually being distinguished by 
their colour, as, for instance, yellow, blue, green, brown, and black 
greases. The compositions are also put upon the market under 
various names. Whatever kind of cart grease is to be made from 
the patent soap, the process must be carried out in a special 
shallow pan with vertical sides and slightly convex bottom, so 
that the pan is shallowest in the middle. The pan contains a 
stirrer with two vertical blades which come close to the bottom, 
and also clo=3e to the sides. The blades are perforated with a 
lai’ge number of circular holes. The pans are put into an oven in 
such a way that their bottoms are heated all over, but their sides 
are only partially exposed to the fire. 

The colour of the finished grease depends partly on that of the 
rosin oil employed, but partly also upon added colouring matters 
Fillings are also added in many cases to cheapen the product or 
to increase its consistency, but these are inactive bodies having 
no lubricating power of their own. 

Manufacture of Patent Blue Cart Grease. 

To make this favourite grease, gas tar and petroleum are used 
as well as rosin oil. Both of these are first worked up with lime, 
and then mixed with blue rosin oil and the patent soap. The 
process may be described as follows :— 

Put into the pan just described 50 lb. of tar oil, and 60 lb. 
of blue petroleum. Heat and stir in gradually 150 lb of slaked 
lime. Make a uniform mixture by continual stirring, as the 
patent soap must not be added until this is done. About 225 lb. 
of it ore then heated and stirred in in portions, stirring the whole 
time. There is fixed above the pan a cask containing 200 lb. of 
heavy blue resin oil, which can be run into the pan through a 
pipe, having a rose at the end and a cock for regulating the flow. 
The cock is opened until the oil falls into the mixture in the pan 
in large drops or very thin streams. The stirring is kept up all 
the time the blue oil is flowing into the pan. As it does so the 
contents of the pan become thicker and thicker ; it is a question 
solely of practical experience to be able to judge when the pro¬ 
portions between the various ingredients are correct. The mass 
must be made so thick that it will not drop from a stick which 
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tas been plunged into it, but adhere as a tough lump. When 
this point is reached, the behaviour of a sample is observed at tlio 
ordinary temperature in a small dish of thin sheet iron. Some of 
the hot mass is spread out in the dish, the outside of which is then 
cooled in cold water. If the cold mass has the consistency of 
soft butter and spreads like it, the process is finished. If, how¬ 
ever, the sample appears too solid, like cheese or hard butter, it 
has been badly made and must be rectified by adding more of 
some ingredient. The one usually required is the patent soap, 
which should first be tried by adding to the entire mass 2 or 8 
per cent of it. If this does not have the desired efiect, blue resin 
oil must be added with prolonged stiiring. When the lubricant 
is of the proper consistency, the stirrer is stopped, and the mass 
is scooped out with shallow ladles into the drums in which it is 
to he sold. A new lot can then be started in the mixing pan. 

Experience has amply demonstrated that rosin oils of various 
origin behave very differently in the manufactui'e of caiii gi’ease, 
and even rosin oil from the same distillation will act difterently 
according to whether it is fresh or stale. In general, old oil whicli 
has been long in stock is better than the freshly distilled product, 
which almost always yields lubricants which are too soft If it is 
found, in spite of every care in the making, that the product is 
not stiff enough, a little more of the patent soap will put matters 
right. One per cent of it will often be sufficient to impart the 
proper buttery consistency. 

In large works, the safest plan is to mix the rosin oils from a 
large number of distillations in one big cistern. The result is a 
large stock of rosin oil of one quality, and the directions given 
^bove will enable anyone without much difficulty to make very 
large quantities of unexceptionable patent cart grease. 

Patent Coloured Cart Grease. 

The patent blue cart grease owes its colour to being made with 
strongly fluorescent rosin oil Greases of any other colour must 
be artificially dyed. Yellow grease, for example, is dyed with a 
decoction of curcuma root in soda lye. It is best to prepare the 
decoction separately, and to put into the mixing pan, at the very 
beginning of the manufacture, the amount which experience has 
shown wiU be required for colouring the batch. No definite 
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•directions as to the quantity can be given, every maker having 
his own recipe. It is advisable for every one to have a recipe, 
recording the amounts of ingredients used in getting a good re¬ 
sult, and to keep to that I'ecipe thereafter, so that the goods are 
always turned out exactly the same. Experience has shown that 
buyers are guided chiefly by the colour, a propei’ty which has no 
influence on the lubricating value of the material, and therefore 
care must be taken that successive batches of product are always 
identical in this respect. We now proceed to give instructions for 
making the yellow and black greases. 

Patent Yellow Cart Grease. 

This is usually made from a mixture of the two patent soaps, 
I and II, which are put, together with boiled heavy rosin oil, 
into the mixing pan, and gradually mixed with soda lye which 
has been well boiled with curcuma root broken small The dye 
in the root dissolves in the lye, which is then freed from the re¬ 
mainder of the pieces of root by running it through a sieve. 
The following is an approved recipe for making yellow cart 
grease •— 

Patent soap I . . .80 lb. 

Patent soap II. 60 „ 

Boiled hea\y roam oil. . 600 ,, 

Oaiistic soda lye of 1G° B. . . 16 ,> 

Ourouma root.2 ,, 


Patent Black Cart Grease. 

There are two different methods of making this product, either 
by colouring an ordinary patent cart grease with lamp-black, or 
by using black wood-tar pitch in the manufacture. 

In the first case the lamp-black must be perfectly mixed with 
a portion of the patent soap, and then thoroughly incorporated 
with the'rest. Put into the mixing pan 2 lb. of lamp-black, pour 
over it 30 lb. of patent soap I. Heat and stir until no separate 
particles of lamp-black can be seen. Then stir in 15 lb. of patent 
soap II, and finally 250 lb. of heavy blue boiled rosin oil. The 
mass is kept warm, and stirred until perfectly uniform. The best 
test of the completion of the mixing is the appearance of a very 
thin coat on glass held up to the light. A properly made mass 
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will then, by transmitted light, appear of a perfectly uniform dark 
blackish-brown colour. 

To make black patent cart grease with black pitch the pitchi 
left in rosin distillation, which still contains a distinct amount of 
rosin, is employed. First heat together in the mixing pan 25 lb. 
of patent soap I and 30 lb. of patent soap II. Then heat 50 Ib. 
of pitch in a separate vessel and pour it, together with 200 lb. 
of heavy rosin oil, into the soaps in the mixing pan, stirring well 
the whole time to prevent the pitch from going into lumps, and 
to mix it in uniformly. 

Making Cart Grease with Soluble Rosin Soap. 

Patent cart grease can be made without lime, an advantage 
being at the same time secured that some of the rosin oil can* 
be replaced by petroleum, whicli is cheaper. The first of this 
class of processes proposed by Dr. Herr burger, has been retained 
to the present day in all its essential features, although other 
makers have introduced changes in tlie details. The following is 
a process which yields good results: Put into a pan 360 lb. of 
residue from petroleum refining, such as a crude dark oil, or vase¬ 
line in its most impure form, or the thick heavy oil obtained by 
distilling coal tar. When one of these substances has been made 
sufiBciently fluid by heat, stir in 120 lb to 130 lb. of ci’ude rosin 
oil, and finally 212 lb. to 234 lb. of rosin soda soap in powder. 
As soon as the soda soap is in, stir immediately, as the mass 
begins to froth very much, and keep stirring until the froth has 
all disappeared. Then stir in from 50 lb to 601b. of melted rosin,, 
according to the consistency required, and continue stirring until 
the cooling mass has become too stiff to be stirred. 

The rosin soap used must be perfectly dry. The best way to^ 
do this is to allow it to dry in small pieces in the aii‘ as much as* 
it will, and then to cut it into shavings, which are then thor¬ 
oughly dried by artificial heat. Then powder the soap and sift 
the powder. 


Filling of Patent Cart Greases. 

To cheapen the greases as mucli as possible, the device is I’e- 
sorted to of filling them, up to 60 per cent of suitable mineral 
substances being used. It is, however, a mistake to add to the 



THE MANUEACTUEE OP PATENT LUBEICANTS. 93 

.‘grease as much as half its weight of such materials. As a rule 
the percentage should not exceed 20, and in all cases the filling 
must be perfectly mixed with the lubricant. The chief sub¬ 
stances used are levigated clay, powdered barytes, and steatite or 
soap-stone. Barytes is, however, not to be recommended, and 
that for two reasons. The tii'st is its great specific gravity, so 
that even if 20 per cent of it is added, the bulk of the material is 
not much increased. The second is that the powder is crystalline, 
and is rather hard, so that however finely it may be ground, the 
hard particlas, so far from lessening friction, increase it materially. 
Powdered soap-stone is a crypto-crystalline mineral of very low 
'Tiardness, and having a greasy feel, it is, therefore, a better filling 
for cart grease than levigated clay, although the latter is cheaper. 
'The filling must be stirred into the cart grease while it is still 
hot and soft. The best method is to shake the powdered filling 
through a sieve on to the hot grease, stirring the latter continu¬ 
ously during the addition. 



CHAPTER X. 


ROSIN SOAPS OR RESINATES. 

When an animal or vegetable fat is boiled with caustic soda, 
or potash, the fat is decomposed into glycerine, which mixes with 
the water present, and fatty acids which combine with the alkali 
to form salts, which are freely soluble in water and are known in 
ordinary language as soaps. 

Ordinary rosin contains a body having the properties of an 
acid, so that it dissolves on boiling with the caustic alkali, giving 
a solution of an alkaline rosinate. As these compounds of rosin 
acid with alkalis behave in exactly the same way as the corre¬ 
sponding compounds of fatty acids, we maj?- call them soajm 
by analogy, and they are known as rosin soaps or rosinatcs. 
Just as among the salts of the fatty acids, only those with soda 
or potash are soluble in water, so the compounds of rosin acid 
are soluble only when the alkali is potash or soda. The rosin- 
ates of metals other than potassium or sodium are quite insol¬ 
uble. If, therefore, we pour into the solution of a soluble 
fatt}?- acid or rosin acid soap, one of another salt, a precipitate is 
formed of the insoluble soap. If, for example, we add a solution 
of sulphate of zinc, we get a precipitate of zinc rosinate, while the 
potash or soda remains in solution as sulphate. 

The insoluble fatty acid soaps are of no value, except for the 
preparation of pure fatty acid, but the case is very diiferent with 
the rosin soapS. The insoluble rosin soaps are extensively used 
for the preparation of excellent lakes, varnishes, and paints. 
They constitute also a material which enables us to prepare 
enamel coloui’s for the decoration of porcelain and stoneware. 

Nevertheless the use of the insoluble rosin soaps has been 
somewhat hampered in industry by the want of recipes which 
will enable the manufacturer to prepare them in a suitable 
manner 
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Manufacture of Ordinary Rosin Soap. 

Rosinate of soda, which is ordinary rosin soap, is the starting" 
point iu the manufacture of the insoluble rosin soaps. As pure 
rosin soaps, that is, soaps made from rosin and caustic soda with¬ 
out any fat, are not upon the market, the manufacturer must 
make his own, which he can do in the following manner:— 

It would be possible to proceed by boiling the rosin to be 
saponified in a solution of carbonate of soda. The acids of the 
rosin expel the carbonic acid from the soda with efiervescence, 
and themselves combine with the alkali, whereby the soap is pro- 



Fig. 25. 


duced. The disadvantage of this method, however, is the ver^r 
long boiling necessary to saponify all the rosin, moreover the 
rosin clots together in the hot liquid, and as the clots present 
onlj^ a small surface in proportion to their size, they ofier con¬ 
siderable resistance to its action. 

It is, therefore, better to begin with caustic soda, and to 
finish the saponification with carbonate of soda after a certain 
stage has been reached. If we boil even a weak solution of 
caustic soda with rosin, it is soon observable that the liquid be¬ 
comes milky, and an examination of a few drops of it with a' 
magnifying glass will show that the rosin is diffused through it 
in the form of very small drops. Thus the first effect of tho 
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action of the caustic lye is to form an emulsion, for an emulsion 
■consists of an enormous number of minute drops of one liquid 
suspended in the mass of another. So far there is no saponifica¬ 
tion, and it is only after long boiling that the rosin dissolves and 
the liquid becomes clear. If carbonate of soda is added, as soon 
as the emulsion is formed the immense surface then ofiered by 
the rosin causes a vigorous action, accompanied by rapid evolu¬ 
tion of carbonic acid The process is carried out in a large iron 
pot heated over an open fire, or better by steam. 

A pan for heating on an open fire is shown in Fig. 26 together 
-with the fire-place. 

In Fig. 26 is shown a plan of the setting of the pan; the arrows 



Fig. 26 


showing the direction in which the gases from the fire travel. In 
working on a large scale, however, it is decidedly better to use a 
pan heated by steam. 

A steam-heated pan for a small factory is shown m Fig. 2*7. 
The steam enters the jacket through the hollow bearing on the 
left, and the tap seen below the jacket serves to drain out the con¬ 
densed water. The pan is emptied by tilting it with the endless 
screw and bevel wheel. 

A more capacious pan for dealing with larger quantities at a 
time is shown in Fig. 28. As shown in the figure, it contains a 
.stirrer composed of rods and chains, which is driven from beneath 
the pan. 

The woi'k is begun by putting weak caustic soda lye into the 





noSIN SOAPS OH HESITATES 


97 



PiQ. 27 
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pan and setting tlie stirrer in motion. The rosin, first broken up 
rather small, is then allowed to fall into the pan in a thin stream. 
As soon as enough rosin for one operation has been added, the 
mixture is boiled till a complete emulsion has been formed. Some 
of the solution of carbonate of soda is then added, and the boiling 
Ls continued till the effervescence has nearly ceased. More soda 
is added and the boiling is continued until the effervescence again 
stops, and so on, until a sample of the liquid is yellowish and 
rather thick, like a weak solution of glue. If the liquid is now 
left at rest a small quantity of melted rosin may settle to the 
bottom of the pan; if this happens it shows that enough soda has 
not been used to complete the saponification. It is, however, 
advisable to leave a little rosin unsaponified, for only by so doing 
can one ensure that there is no excess of soda in the liquid. The 
residue of the rosin can be used up in the next batch. As a guide 
to the amount of alkali required it may, however, be stated that 
100 parts of rosin require for complete saponification 17 parts of 
caustic potash, 12‘2 parts of caustic soda, or 16 parts of soda ash. 

As soon as saponification has taken place the steam is shut 
off and the stirrer is stopped. The liquid in the pan is allowed 
to stand a few hours, in order that the mechanical impurities in 
the rosin, such as small stones and bits of wood, may sink to the 
bottom, where they are generally found embedded in the un¬ 
saponified rosin. The soap solution is poured into the wooden 
vat in which it is to be kept through a large closely woven cloth 
which serves to filter it. The vats are covered with a wooden 
cover to keep out dust. 

When concentrated solution of carbonate of soda has been 
used, the soap solution when cool is rather thick. It is not 
diluted until it is required for use. 

Pure rosin soap has a yellowish or yellowish-brown colour, in 
-some cases a dark brown, the colour depending upon the kind 
Df rosin used. Pale American rosin yields a fine pale yellow 
soap. 

Rosin soap belongs to the soft soaps, as at ordinary tempera¬ 
tures it has the consistency of soft butter. It dissolves easily in 
Water, the latter when even slightly warm dissolving largo 
.quantities of it. It can be used for washing just as it is, but as 
soft soaps are cheaper than hard ones, most soap-boilers employ 
rosin soap as an addition to ordinary soda soaps forming the 
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yellow household soaps. By using 
soap the product is able to be sold at a lower 

Soap-boilers usually work up various mixtures of tallow, 
palm oil, and rosin. Good results are obtained, for example, 
with 600 lb. to 700 lb. of tallow, 50 lb. to 100 lb. of palm oil and 
200 lb. to 300 lb. of rosin. The best procedure is to saponify 
the tallow first, then to add the palm oil and saponify it also. 
The rosin is treated with alkali in a separate vessel, and the 
finished rosin soap is added to the mixture of the other two; the 
mixture is then boiled and crutched till it is clear. 

If it is desired to make an insoluble rosin soap, it is obvious 
that no fat must be used; neither is it necessary to concentrate 
by boiling. Care must be taken that the soda rosin soap used 
contains no excess of soda, or it will be unfit for use. 


The Insoluble Eosin Soaps. 

All insoluble rosin soaps are made by one and the same 
method. A certain quantity of the rosin soap solution prepared 
as above described is diluted with water, a salt of the metal of 
which the rosinate is required is prepared in solution and added 
to the soap solution. The desired rosinate is then obtained in 
the form of a curdy precipitate. As it is difficult to take the 
two substances exactly in the proportion which leaves no excess 
of either, a test must be made to ascertain which of them is in 
excess after the precipitation is complete. For this purpose 
some of the liquid is filtered through paper into a glass, and 
mixed with a little of the metallic solution. The appearance of 
a precipitate shows that more metallic salt must be added to 
complete the precipitation. A little is therefore added, and after 
careful stirring the test is repeated. When the filtered sample 
ceases to give a precipitate with the metallic salt it is certain 
that all the rosin soap has been decomposed. As there may now 
l)e an excess of metal in the soluble form, another sample must 
be filtered and tested with a solution of rosin soap, which will 
give a precipitate in the presence of an excess of metal. These 
tests are continued alternately, adding each time what the last 
test has shown to be necessary, until no precipitate is given, 
either by the metallic salt or by I’osin soap. 

The work may be much shortened by determining the specific 
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gravity of the soap solution as well as that of the inotallie hjiI 
solution, and in all subsequent operations using solutions ol tin 
same specific gravity. The repeated testing of samples will tlu‘i 
only be necessary with the first lot of insoluble soap inanufac 
tured. Care must be taken to add together all the amounts u 
rosin soap solution used and all the amounts of metallic sal 
solution used, for the main mass. In subsequent operations al 
that need be done is to use the same quantities tq be sure tha 
neither substance is in excess. In any case one or two tcHts a 
the most will be sufllcient to get the proportions exactly right. 

Diflerent insoluble metallic rosinates have of course difieron 
properties. The rosinates of lime, magnesia, and alumina ar< 
white and when wet are remarkable for being extremely bulky 
but become less so when thoroughly diy. In the ilry state 
tlmee rosinates form very light powders. They dissolve readilj 
in essential oils and remain behind in colourless mtisses when ? 
thin coat of solution is allowed to evaporate into the air. 'I'ln 
rosinates of the heavy metals show characteristic colours in case' 
where the oxides of the metals form coloured salts. Ferrou' 
rosinate is usually pale green like feirous salts in general, and 
like them, turns brown by oxidation on exposure to the air 
Nickel and copper rosinates are darker gi’een, wliilo those el 
lead, zinc, and bismuth are white. 

In the manufacture of rosin lakes and vaniislies, as well a' 
paints, the white rosinates are most important, as their sulutioir 
give colourless masses on drying. The rosinates of alumina and 
zinc are specially suitable on account of their low price, thertdbrt 
we shall describe the production of these two rosinates somewhat 
more in detail. 


Rosinate of Alumina. 

Tliis rosinate is always made from sulphate of alumina, whieli 
can be bought very pure and very cheaply. It is largely \isi'd 
by dyers and calico printers as a mordant, and is met with on 
f the market in the form of brick-shaped pieces readily soluble in 
water. The solution is usually turbid frpm the prosenc(j (jf small 
quantities of an insoluble basic salt. There are two ways of ob¬ 
taining a clear solution. One is to let it stand and decant it from 
the sediment formed, and the other is to convert the basic salt 
into the soluble salt This is done by gradually adding sulphuric 
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acid, stirring after each addition, taking care to add the acid 
sufficiently cautiously to avoid any excess. An excess added 
after the solution has become clear will, on adding to rosin soap, 
set free rosinic acid which will contaminate the rosinate. The 
formula of sulphate of alumina is Al^(S 04 )g + ISHgO and it 
contains about 15 per cent of alumina. The foDowing table 
shows the percentage of pure anhydrous sulphate of alumina 
and also of commercial sulphate of alumina in solutions having 
the stated specific gravities at 16° C. :— 

SPEOIFIO GRAVITY OP SOLUTION. 


Percoutage 

Pure anhydrOTifl 

Commercial 


Nulphate of alumina. 

sulphate of alununa 

1 

1*0170 

10069 

2 

1*0270 

1*0141 

3 

1*0870 

10221 

4 

1*0470 

1*0299 

5 

1*0669 

1*0377 

6 

1*0670 

1*0416 

7 

1*0768 

1*0481 

8 

1*0070 

1*0692 

9 

1*0968 

1*0660 

10 

1*1071 

1*0780 

11 

1*1171 

1*0794 

12 

1*1270 

1*0860 

13 

1*1869 

10960 

14 

1*1467 

11069 

15 

1*1574 

11097 

16 

1*1668 

1*1169 

17 

1*1770 

1*1199 

18 

1*1876 

1*1209 

19 

1*1971 

11889 

20 

1*2074 

1*1440 

21 

1*2168 

1*1448 

22 

1*2274 

1*1589 

28 

1*2876 

1*1628 

24 

1*2473 

1*1689 

25 

1*2672 

1*1798 


In making the rosinate large vats are used provided with 
spigots arranged one above another in a vertical line, 4 inches 
apart. A saturated solution of the sulphate of alumina is made 
in a small vessel, poured into the big one, and there diluted with 
water till the density sliows that the desired concentration has 
been reached. It is.made as concentrated as possible, consistent 
with the stiiTing of the mass after the soap has been added. 
Over the vat containing the alumina solution another is arranged 



102 


distillation of resins. 


with a draw-off cock near its bottom. This is filled witli a con¬ 
centrated solution of rosin soap. When everything is ready the 
liquid in the large vat is stirred vigorously while the rosin soap 
is run in from the upper vessel. A very voluminous precipitate 
is immediately formed consisting of rosinate of alumina, the 
stirring being continued during the time the soap is running iiL 
When it is supposed that enough soap has been added, a sample 
is filtered from the lower vat and tested as above described. It 
must give no precipitate either with a solution of sulphate of 
alumina or with a solution of rosin soap. When this point has 
been reached, the stirring is stopped and the liquid allowed to 
stand. The bulky precipitate settles slowly, and the supernatant 
liquid clears from above downwards. The liquid is run off as it 
clears by opening the spigots one after another, beginning at the 
top. The final residue at the bottom of the vat is a white paste 
somewhat resembling thick starch. 

To separate the rosinate of alumina from the liquid it con¬ 
tains, smaller vats with their bottoms perforated with holes are 
used. Sacks are fitted accurately into these vats so that the 
closely woven linen of which they are made lies close against 
the side. At the upper edge of these sacks a strong string is 
sewn in for lifting the sacks out of the vats. The paste at the 
bottom of the precipitating vat is ladled into the sacks till they 
are quite full, and the liquid present runs out through the holes 
in the bottom of the vat. When the mass in the sack has 
shrunk by reason of this, more of the paste is put into it. Tliis 
is continued till the precipitate in the sack comes up to within 
4 inches of the edge of the vat. When the precipitate is 
completely drained it is washed by pouring clean water into the 
sack and allowing it to drain again. Three washings with water 
are performed. The rosinate of alumina is then ready for dry¬ 
ing. If there is plenty of time and the weather is warm, the 
rosinate can be dried by hanging it up in the sacks. The drying 
can be accelerated by first squeezing the sacks in a press so as to 
drive out os much water as possible. Great care is needed that 
the pressure is not too strong or too suddenly applied, otherwise 
the sack might be burst It is possible to get the rosinate of 
alumina into such a condition by pressing, that it can be broken 
up and,^ spread out on strips of sacking to dry. 

Bveh when it appears completely dried in the air there is still 
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water adliering to the mass, which must be removed before the 
rosiiiate of alumina can be dissolved. The simplest method of 
completing the drying is to spread the rosinate on strips of sack¬ 
ing arranged one above another in a drying room. The tempera¬ 
ture of this room is kept at about 40° C. for a few hours and the 
dried rosinate is then filled while still warm into tightly closed 
receptacles, where it remains till it is to be used This complete 
drying is of great importance, for otherwise the rosinate will not 
yield clear solutions, nor will the solutions form coats of the 
proper lustre when dry. 

Pure dry rosinate of alumina is a white friable mass of small 
specific gravity. It gives a diaracteristic dry or hai*sh feeling to 
the fingers. It dissolves in various solvents, but most easily in. 
essential oils, in which it first swells up to form a jelly and then 
quickly dissolves In making vamislies and paint, however, the 
solvent generally used is rectified oil of turpentine. Wlien the 
tui’pentine evaporates on exposure to the* air, a colourless, fairly 
liard mass is left which offei’s great resistance to atmospheric 
influences and is therefore a very good substitute for an oil 
varnish. 


Rosinate of Zinc. 

For making this rosinate the cheapest zinc salt on the market 
is used. This is zinc sulphate or zinc vitriol. Commercial 
sulphate of zinc may contain iron, in which case it would not give 
a colourless lake but would be more or less yellow. It is, how¬ 
ever, easy to purify the zinc sulphate in the following manner:— 

Add carefully to a solution of the salt a small quantity of 
caustic soda lye until a white precipitate begins to appear. Then 
stir the liquid thoroughly. The precipitate will disappear' if the 
zinc sulphate contains much free acid wliich dissolves the pre¬ 
cipitate of hydrated oxide of zinc formed by the caustic soda. 
It is necessary, therefore, to add the soda until a slight permanent 
precipitate is produced. In a few days an ochre-yellow sediment 
will have settled in the bottom, for the oxide of iron in the 
solution is thrown down by the zinc oxide, which itself redissolvea 
In this way the zinc salt can be entirely freed from iron and after 
decanting will give a perfectly white rosin soap. 

Zinc rosinate is prepared in an exactly similar manner to that 
which has just been described for rosinate of alumina. In this 
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ease also the two solutions are used of known specific gi’avity, so 
that a single trial will show how much of each solution to take 
in subsequent operations. The following table shows the connec¬ 
tion between the percentage of zinc sulphate in the water and 
the specific gravity of the solution:— 


Percentage of zme sulphate. 

5 

10 

16 

20 

25 

30 

35 

40 

45 

60 

55 

GO 


Specific gravit} of solution. 
1*028 
1*069 
1*090 
1*123 
1*167 
1*193 
1*281 
1*270 
1*310 
1368 
1 * 39 ^ 

1*446 


As the specific gravity of zinc rosinate is much greater than 
that of rosinate of alumina the precipitate settles more rapidly to 
the bottom of the precipitating vat, and the waaliing of the soap 
is rendered easier. Pure zinc rosinate appears when dried in 
rather heavy white pieces which are very easily reduced to a fine 
powder. 

Eosinates can be made with soluble salts of any heavy metal 
and a solution of rosinate of soda. In this way the rosinates of 
copper, lead, silver, and tin are prepared, but in varnish making 
as well as in the prepalpation of paint little use is made of anj- 
hut the rosinates of alumina and zinc. 

A special use is made of the rosinates of bismuth, iron, anrl of 
that of alumina to some extent in ceramics to produce various 
effects on porcelain or pottery. These rosinates are usually 
known as enamels or glazes and will be desei'ibedin a later section 
of the book. 



CHAPTER XL 


THE MANUFACTURE OF RESINATE VARNISHES. 

Resinate varnishes are prepared in a simple manner, by dissolv¬ 
ing the rosinate in an appropriate solvent. The best solvent to 
employ, because it dissolves the rosinates more easily, is rectified 
oil of turpentine. The solubility of rosinates in turpentine is so 
great that it is possible to make solutions of every degree of con¬ 
sistency from that of water to that of a fairly thick syrup. 

Solutions of rosinate of alumina are pale to dark yellow 
according to the concentration, while those of zinc rosinates are 
rather brown. 

As it is necessary to use perfectly clear solutions, it appears 
most convenient to dissolve the rosinates in large glass vessels in 
which the solutions are kept till they have become perfectly clear. 
The rosinate is put into the flask, which must be quite dry, in 
pieces about the size of a hazel nut until the flask is about one- 
third full. Enough turpentine is then put in to quite cover the 
pieces and the flask is corked and allowed to stand for a few 
hours. At first the rosinate swells considerably, passing into a 
gelatinous mass. The action is accelerated by frequently shaking 
the flask, and when the gelatinization is complete more turpentine 
is added, a little at a time, until a solution of the desired con¬ 
sistency is obtained, when it can be used as it is for a varnish or 
can be mixed with pigments to make a paint. It is necessary in 
order not to make the solution too thin to add the turpentine with 
great care. As soon as the proper quantity of turpentine is in, 
the solution is shaken up once thoroughly and the flask is put in 
a place where it will not be disturbed so that the solution may 
clarify. It may then be decanted quite clear from the sediment 
at the bottom. 

The preliminary gelatinization of the rosinate renders solution 
at the ordinary temperature rather a slow process, and care must 
be, taken to keep the jelly as loose as possible hy constantly 
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shaking the flask. As this is rather troublesome in working on 
a large scale, it is advisable to somewhat modify the process, and 
to effect the solution by the aid of heat. This is best done in the 
following manner:— 

The rosinate to be dissolved is put into a large iron pot well 
tinned inside. This pot is put into another and the space is filled 
with water. This water is boiled b}^ passing steam into it, after 
as much turpentine has been poured over the rosinate as will 
completely cover it. The rosinate and turpentine are stirred with 
a broad paddle until they have reached the temperature of the 
boiling water. The rosinate runs down as a thick mass of the 
appearance and consistency of honey from the paddle, and when 
this is the case the additional turpentine is added until the 
thoroughly stirred mass runs from the paddle in a continuous 
stream. Small samples ai’e then taken which are painted on to 
a sheet of glass so as to rapidly cool to the ordinary temperature. 
The cold mass rapidly assumes an appearance much resembling 
that of set glue. When this is the case it is a sign that more 
turpentine must be added, and this must be continued until a cold 
sample has the consistency of good boiled oil This shows that 
the proper amount of turpentine has been added. The solution 
in the pot is then allowed to cool and poured out into large glass 
flasks in which it is left to clarify. The sediment of undissolved 
particles clings with some tenacity to the bottom of the flask so 
that it is very easy to decant the pure liquid. 

The amount of turpentine oil required to make a solution of 
any given consistency varies greatly with the nature of tlie 
rosinate. Zinc rosinate dissolves much more easily than alumina 
rosinate Twenty-two gallons of oil of turpentine are suflScient 
to give a thin solution with 1 cwt. of zinc rosinate, while the 
same quantity of alumina rosinate requires three times as mucli 
turpentine, and even then forms no proper solution but a thick 
buttery mass. The latter is, therefore, the rosinate to be pre¬ 
ferred on economic grounds both for the preparation of var¬ 
nishes and of mixed paints. 

To obtain fine lustrous and durable varnishes from solutions 
of rosinates it is advisable to use the solution rather thin, and to 
apply a second coat as soon as the first is dry. The resistance of 
these rosinate varnishes to atmospheric influences is very great, 
long exposure to the continuous action of air, sun, and rain leaving 
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tlui luRtro of the vaniish unalteretl. Tliese varniwlies also offer 
^reat reRistanco tt) tlie aetioii of clieinicala. Frequent washing of 
a varniHhetl object with soap and water afiects tlio lustre only- 
very slightly and the coats resist solutions of carbonate of soda 
or potash oven bettor than they do soap; but fairly concentrated 
solutions of caustic soda or potash attack tlie varnish ratlier 
strongly, decomposing the rosinatos witli separation of alumina 
or zinc oxide while the alkali combines with tl\e rosin acid form¬ 
ing a soap soluble in watei*. 

It is safe to assort, howevei*, that as regai'ds resistance to 
atmospheric influences and the action of chemicals, the rosinate 
varnishes are quite oijual to the best oil varnishqs, at the same 
time they have the advantage of being very much cheaper. 

Rksinate PAiN'rs. 

'J''he solutions of rosinates in oil of turpentine prepared by one 
of the previously daseribod processes can be iiiixed with various 
powdered pigments to produce bodies which can be used as paint 
afhir th(' addition of a suitable amount of turpentine. 

The paints are made by pouring over tlie perfectly dry flue 
powder of the pigment onougli solution of rosinate to form a 
paste, thin enough to be worked up in an ordinary colour milh 
first passage through the mill usually renders the mass some¬ 
what stirtbr HO that a little more rosinate solution must be added 
to it. Tlie mass is returned to the mill often enough to produce 
a perfectly uniform paint, and tlie iminljer of times this has to be 
done depends upon the flneness of the powdure<l pigment, llie 
bi^st way of finding when the proper point has lieeii reached, i.s 
to take a small sample and paint it thinly on glass. If no 
separate pigment particles can bo seen, and if the colour is per¬ 
fectly uniform, the pj’ocess may be regai'detl as complete, 'flic 
sample coat must lose its turpentine rapidly by evaporation and 
show when quite dry a smooth and lustrous surface. 

There is another simple method of prepoi'ing rosinatt* paints 
by which it is possible to obtain a largo amount of saleable goods 
in a shoi’t time. The pigment used is reduced to line pow<ler ivs 
well as tlie rosinate. The powders niust.be very carefully ilried, 
for fsven a very small amount of moisture has a l)ad eftect upon 
tlie properti<»s of tin* paint, especially upon its lustre, Th<‘ two 
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powders must be most thoroughly mixed in the proper propor¬ 
tions. This is best done by putting them into a rotating cask 
which is slowly turned until the mixtui'e is complete. The time 
required for this can be determined only by experiment, so that 
from time to time the rotation of the cask is stopped, a sample 
of the powder is taken out and rubbed up with a spatula with a 
little oil of tui-pentine. If the mixing is complete it will form a 
thick povste even with a veiy small quantity of turpentine, and 
will with a little more turpentine form a mass of the consistency 
of a thick oil colour which works well with the brush. A sample 
painted on a board must rapidly dry to a lustrous coat and cover 
the wood completely. When the sample shows that the proper 
point has been arrived at the powder is taken out of the cask and 
thinned with turpentine till it will go through the colour mill. 
As the particles of rosinate are uniformly distributed through 
the whole mass, they are rapidly dissolved by the turpentine 
mid a paint fit for use can generally be obtained after twice pass¬ 
ing through the colour mill 

It is advisable to use no more turpentine than is necessary 
to make a very stiff paste, for the latter can always be diluted 
at will before use. If enough turpentine is added at first to 
make the mass of the proper consistency with which to paint, the 
pigment will not be properly ground in and the larger part of 
the solvent will separate out in the dmms in which the paint is 
stocked We then find in the lower part of the drum a thick 
mass which it is very difiicult to mix again with the li(iuid portion. 
This appearance is especially common when the pigment mixed 
with the rosinate has a high specific gravity, as, for example, lead 
pigments. 

In painting with rosinate paints it may often be noticed that 
a sliort time after drying thli coats become traversed with a large 
number of minute cracks and flake oft' in places This is a sign 
that too much rosinate in proportion to the pigment has been 
taken. On the evaporation of the oil of turpentine the rosinate 
shrinks considerably, and thereby cracks the layer of paint. It 
is therefore necessary to make preliminary experiments with 
every pigment in order to decide the proporiion most suitable to 
be mixetl with the rosinate in order to get a paint which will not 
orack on drying. Full security, however, against the cracking 
of the paint is aftbiTled if, in addition to the oil of turpentine, a 
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vi‘ry small amount of rosin oil or of drying linsiiod oil j)r<‘])arrd 
in tlio (!()ld with l)orjito of man^aiieso is usrd, for tlioso hodit's 
r(‘main liquhl aftor tha cwaiMmition of tho tinqa^ntina, dryin^^ 
lati^r by rosinification. "^riio ])aint oortaiiily <lrioH somewhat moi’o 
slowly, l)at it nstains a certain amount of elasticity so that no 
crackin^r oocurs on coolin^^ Hence no ci’aekin^^ tak(‘s place eitln^i* 
in the paint or in the varnish, and liotli retain tlieir lustre com- 
jiletoly. 

Tin* (juantities of rosin oil or boiled oil to bo used for this 
purpose an‘ always very small, ami, as a vuh^, an amount eipii- 
vahmt to 5 per ctuit of the turpentine oil UHe<l is sullicient. The 
rosin oil or boiled oil is added at tlui same time as the oil of 
turpeutiiu*, in ordei‘ tliat all tlu^ Ihjuid may be uniformly distri- 
biiteil throu^li the entire paint. As liuisljcd paints soon thicken 
in tlu^ air from the evap(jrati(jn of the tur))enti]ie they must bi* 
enelosed at once in air-ti^lit drums. 

Paintings executed with these paints luivii a smootli shining 
ajjpearance, in this respeet surpasHin^jf ordinary paints made with 
l)i^m(MitH ami boiled oil. To secure tin* durability of tlic lustre*, 
it is a ^^ood plan as soon as tins rosinate jDaints are perfectly dry 
to ^ivi^ an extra coat of dilute varnish. As the mass in which 
the particles of pigment are emh(‘ddt*(l and that which results 
friun the dryin^^ of the extra coat with pure varuisli arc ontindy 
itleiitical, they adliere iirmly to^c^ther and no crackiji^^ takes 
j)lace eitlu‘r in tin* paint or in tln^ varnish over it. In tlio ease 
of paiiitiii^H exe(iute<l with boile<l oil paints and vai'iiislmd over 
with a fatty oil varnish tine hair cracks invariably appear in time 
no matti'r Ixow tine a varnish has bt‘en uscjd. Hence the vm^nish 
loses its lustre. I'lmHo hair cracks n^sult from unequal (‘xpansion 
and contraction, chauj^jes of tem]KU’aturii acting tlifibrently on the 
jiiiiut and on tlu» varnish. As we have alroaily remarked, tin* 
mass containing tin* pigment is in tlm case of nwiiiate paints the 
same jLs that itonstituting the varnisli, so that both expand 
ei|ually on heating and contract etjually, thei*e,for(» no cracking 
oecuiu 

Knamkls. 

Tin* preparations known by this name in ceramics consist of 
the rosinates of various heavy metals prepared by the method 
already deHcnl)ed. Stmu* uiiamels, howeve]*, have nothing in 
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common with these but the name, and usually consist of solutions 
or preparations of metallic salts from whieli the metal or oxide 
is easily set free, so that by their means very beautiful and ex¬ 
tremely thin layers of metal or metallic silicates are produced 
upon porcelain, stoneware or glass. 

Briefly the preparation of the commoner enamels are described 
in the following pai’agraphs 

Alumina Enamel. 

This kind of enamel produces when applied to a white ground 
of porcelain or finely glazed earthenware an optical efiect re¬ 
sembling mother-of-pearl. This enamel is prepared by dissolving 
ordinary rosinate of alumina in oil of turpentine or other essential 
oil and painting the solution upon the earthenware with a brush. 

It must be remembered that the effect of the enamel varies very 
greatly with the concentration of the solution used, solutions of 
different strength leaving on the earthenware coats of different 
thickness. Hence to get any given effect we must determine ^ 
by previous experiments the particular concentration of solution / 
required. Wlien the solvent has evaporated the rosinate can b/ 
fixed by a gentle firing. r 

Bismuth Enamel. 

This enamel is used in porcelain painting as a flux for Hie 
purpose of fixing other enamels or to (filute them and make tllpl^i’ 
colour paler. Used by itself it produces scarcely any effect. 

Bismuth enamel is prepared by dissolving bismuth in concen¬ 
trated nitric acid under a chimney with a good draft, which will 
carry away the large quantity of unwholesome fumes produced. 
When the metal is all dissolved, the solution is allowed to stand 
for a time to deposit any insoluble residue. The clear solution is 
then decanted into clean water The water should have four or 
five hundred times the bulk of the bismuth solution. Contact 
between the. two liquids forms basic nitrate of bismuth, which 
forms a dazzling white precipitate, which gradually sinks to the 
bottom of the water. When all the precipitate is perfectly 
settled, the water containing a verj^- dilute solution of neutral 
nitrate of bismuth is decanted away and the rasidue washed with 
several lots of water. The precipitate is then dried and is known 
as bismuth white. 
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The recipe for making flux from the bismuth white is as 
follows:— 


Bismatih white 

Hosm. 

Oil of turpentine or lavender 


10 lb. 
80 „ 


The roain is put into a large porcelain basin and melted on a 
sand bath. The bismuth white is then added to it a little at a 
time, and thoroughly amalgamated by careful stirring. The 
mass toughens and becomes brown. It is then diluted with a 
little of the oil. More bismuth white is then stiiTed in, this being 
repeated until all the materials are amalgamated, and when the 
mixture is complete the whole mass is stirred until cold. 

Bismuth lustre or flux is often used to lighten the shade of 
•coloured enamels. 

For example, iron enamel used alone gives an orange-red 
which can be made pale at will by mixing it with flux. The same 
is true for all other coloured enamels. 


Lead Enamel. 

For second rate porcelain goods and ordinary pottery, lead 
enamel is used instead of bismuth enamel, being much cheaper. 
Lead enamel is made in an exactly similar manner to bismuth 
enamel, nitrate of lead being used in the recipe instead of the 
basic nitrate of bismuth. 

Iron Enamel. 

This enamel is made in various ways. In one method a solu¬ 
tion of perchloride of iron (ferric chloride) in water is added to a 
solution of rosin soap until no further formation of precipitate 
occurs. The precipitate is then filtered off, washed with water 
and dried. Dried iron enamel is a reddish-brown solid. The 
second process is to melt together equal weights of rosin and 
tiu'peutiue and then to stir in nitrate of iron equal in amount to 
the rosin. The mass is stirred with constant heating until it is 
perfectly uniform. Used by itself ii’on enamel gives an orange-red, 
which can bo toned down to any extent by an admixture of flux. 

Uranium Enamel. 

This enamel is made like iron enamel except that nitrate of 
uranium is used instead of nitrate of iron. By itself imanium 
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enamel givea a warm nankeen yellow, but when diluted witli flux 
it gives any tint from a deep to a pale straw-yellow. 

Chromium Enamel. 

A solution of bichromate of potash in water, to which a littk* 
sulphuric acid has been added, is warmed, and spirit of wine a<ldf‘d 
n little at a time. The solution froths up strongly and its beautiful 
red colour changes to violet. When the solution is cold it is 
precipitated with a solution of rosin soap The precipitate is 
washed and dried on porous plates. This enamel gives a beautiful 
green 

Cadmium Enamel. 

This is made by precipitating a solution of rosin soap with oih‘ 
of sulphate of ctidmium. Used alpne it gives a beautiful mother- 
of-pearl lustre, while when mixed with enamels of other colours 
it imparts to them the same quality. 

Cobalt Enamel. 

This is inado like iron enamel, substituting nitrate of cobalt, 
for the nitrate of iron. 


Metal Ena^iels. 

The so-called metal enamels differ from those just described 
in consisting of very thin layers of pure metal, wliich on tJu‘ 
opaque gi'ouiid show their full lustre and their characteristic 
colour. The chief of these are gold enamel and platinum enamel, 
both of which are used to a fairly laige extent in ceramics. 

Platinum Enamet-. 

Thin platinum foil is cut up into very small pieces and put 
into a mixture of nitric acid with one-third of its bulk of hydro¬ 
chloric acid. l'’his liquid, called aqiui reg%aj dissolves the platinum 
slowly. The solution is evaporated at a gentle heat in a porcelain 
dish, but wifcliout boiling until a solid reddish-brown residue is 
left. This residue consisting of tetrachloride of platinum is dis¬ 
solved in strong spirit. To produce platinum enamel on porcelain 
a little of this solution is mixed* with oil of lavender and applied 
with a brush. When the porcelain has been fired the painted 
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places appear covered with a shining white coating of metallic 
platinum. 

* Gold Enamel. 

To prepare this enamel either thin sheet gold or gold wire is 
used. The metal is dissolved in aqua reg%a in the same way as 
the platinum. On careful evaporation a reddish-brown mass 
remains, consisting of trichloride of gold. This is dissolved in 
spirit and the solution is painted on the places to be gilt; the 
thickness of the gilding being in proportion to the concentration 
of the gold solution used. Fairly thick gilding can be polished 
to a high degree of lustre with agate or polishing steel. The 
more dilute the spirituous solution is, the thinner is the gilding, 
but it always forms upon an opaque surface a completely con¬ 
tinuous lustrous coating. With extremely dilute solutions the 
layer of gold is so thin that it transmits a green light, but it still 
shows its characteristic yellow lustre by reflected light. Gilding 
as thin as that j’ust described is of course very easily rubbed off 
leaving no trace behind, while the thicker coats which have been 
polished are so durable that even when the object has been in use 
for years the gilding remains entirely unaltered. 

Rosinate Pigments Proper. 

The rosinate paints described in a previous section, consist as 
we have said of various powdered pigments mixed with a solution 
of rosinate of alumina or zinc. On evaporation of the oil of 
turpentine the lustrous coat of rosinate in which the coloured 
powder is embedded remains behind. 

There are, however, rosinate pigments proper which differ 
from those already described in being composed of metallic 
rosinates and basic coal-tar dyes. They possess all the beautiful 
hues belonging to those dyes. 

The basic coal-tar dyes are a collection of dyes frequently 
called aniline dyes, which have the property of combining with 
acids. It is very easy to find whether a commercial coal-tar dye 
belongs to the basic or to the acid group. All that is required is 
to add a little solution of tannin to a solution of the dye in a 
test tube. If the tannin produces a precipitate the dye is a basic 
one and can be used for the preparation of rosinate ^jjigments* 
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If, on the other hand, there is no precipitate the dye belongs to the 
acid group and is useless for our purpose. 

As examples of basic dyes available for making rosinate pig¬ 
ments may be mentioned fuchsine, methyl-violet, brilliant green, 
auramine, saffranine, etc. Even this limited selection shows what 
a great variety of rosinate pigments can be prepared 

The rosinate pigments are made by taking a rather dilute 
solution of rosin soap in water and pouring into it an aqueous 
solution of a suitable basic coal-tar dye. The intensity of the 
pigment produced depending as it does upon the amount of the 
coal-tar dye, it is necessary, in order to obtain always the same 
colour, that the rosin in the soap and the dye should be strictly 
proportional. In other words, we find by experience what colours 
are obtained when the amount of dye is equivalent to 1, 2, 3 per 
cent, etc., of the rosin. Having found once for all the colour 
produced by each of these diflerent proportions we are always in 
a position to reproduce it. When the rosin soap and the dye 
solution have been thoroughly mixed, a solution of the metallic 
salt is poured into them in a thin stream. The salt used is either 
sulphate of magnesia, alumina or zinc. As the insoluble rosin 
soap is formed it carries down the dye with it. This precipitation 
of the dye necessarily renders the liquid paler, the addition of the 
metallic salt being continued until it becomes entirely colourless. 
A small excess of metallic salt is, however, not detrimental. As 
soon as the precipitation is complete, the liquid is allowed to 
stand in the precipitating vessel until it has cleared. The liquid 
is then decanted, the precipitate is washed repeatedly with clean 
water, and finally allowed to dry on a filter cloth in a place 
protected from dust In working on a large scale it is advisable 
to do the washing and drying of the precipitate in a centrifugal 
machine. The drum of the machine must be provided with a 
closely woven linen cloth fastened to its -sides. The vessel con¬ 
taining the precipitate is placed above the centrifugal which is 
then set in motion, but not too rapidly, while the precipitate is 
allowed to run into it. At first the liquid from the centrifugal is 
strongly coloured, therefore it is collected and put back into the 
drum. As soon as the layer of pigment on the sides pf the drum 
has attained a certain thickness, nothing passes through the linen 
hut clear liquid. When all the precipitate is in the drum a thin 
stream of water is allowed to flow upon it. This water rapidly 
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removes the soluble salts mixed with the precipitate. After a 
short time the flow of water is stopped and the drum is then set 
to rotate at its highest speed The centrifugal force then drives out 
the water present so completely that the precipitate is converted 
from a paste into a fairly di’y crumbly mass which is lifted out 
of the drum in the sack and completely dried at a gentle heat. 

During the whole process of making these rosinate pigments, 
cai*e has to be taken not to expose them unnecessarily to light, 
as they have the remarkable property of gradually losing their 
solubility in the direct rays of the sun. 

The rosinate pigments dissolve in various solvents with con¬ 
siderable ease. Benzol, ether, alcohol or chloroform can be used 
as solvents If a solution of a rosinate pigment is required, only 
thoroughly dried pigments and pure solvents, such as very strong 
alcohol or rectified benzol, should be used. If a dear solution 
prepared in this way is painted in a thin coat, the evaporation of 
the solvent leaves behind a coloured but quite transparent sheet 
of the rosinate pigment which shows a glassy lustre and a con¬ 
siderable degree of hardness. 

In making the rosinate paints, any metallic solution can be 
used which will give a white precipitate with rosin soap. Hence 
the most important salts are those of alumina, zinc, magnesia, 
lead, and tin. Salts which produce colours of their own with 
rosin, such as salts of iron or copper, are useless for this purpose, 
as the paints made with them would have a different colour to 
that of the coal tar colour which has to be fixed. As it is desirable 
to use the cheapest products possible, zinc or magnesia (salts are 
most suitable for rosinate paints in which no special shade of 
colour is wanted. The cheapest zinc salt on the market is the 
sulphate, and among magnesium salts the chloride. Both these 
salts give rosinates, of almost exactly the same colour, but the 
powders differ in specific gi-avity. Rosinate paints made with 
magnesia are far lighter than those made with zinc. For the 
same reason too, zinc paints are more easily levigated than 
magnesia paints as they settle to the bottom of the water much 
quicker. The use of lead should be avoided for making rosinate 
paints. All lead paints become discoloured and finally black by 
exposure to the air, sometimes very quickly, due to the formation 
of black sulphide of lead by sulpiiuretted hydrogen in the atmo¬ 
sphere, which commonly occurs in towns. 
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The same organic dye will give different colours with different 
rosinates. For example, magenta gives with magnesia a pigment 
showing the full beauty of the red of the dye, while if tin is used, 
the paint will be violet. A number of tints can be obtained by 
mixing the tin paint with the magnesia paint in various propor¬ 
tions. 



CHAPTER XII. 

THE MANUFAOTUBE OF LAMP-BLAOK AND LAMP-BLAOK PIGMENTS. 

There is only one absolutely black pigment known. AU other 
so-called black bodies are either dark blue or dark brown, but 
amorphous cai'bon or lamp-black is really black. 

The theory of the conditions leading to the liberation of car¬ 
bon in an amorphous state from combination are very important 
to the manufacturer and must therefore be briefly stated. Every 
organic compound contains carbon, and when burnt by heating 
in the air, the carbon forms carbonic acid and the hydrogen forms 
water. If, however, there is not enough oxygen to effect the total 
conversion, it is, as a inile, only the hydrogen that is completely 
burnt Some of the carbon is then usually set free in the solid 
form as a deep black powder, known as lamp-black, or when im¬ 
pure, as soot. Alcohol contains carbon and hydrogen, and oxy¬ 
gen in addition. When burnt this is completely consumed to 
carbonic acid and water. Turpentine and petroleum are both 
hydrocarbons, but contain far more carbon in proportion to the 
hydrogen than alcoliol does. If either of these is ignited in an 
open dish it burns with a dull yellow flame from which a thick 
cloud of finely divided carbon arises as smoke Such combustion 
is called imperfect. It is, however, possible to bum either pet¬ 
roleum or turpentine completely so as to form nothing but car¬ 
bonic acid and water. This is what happens in a properly 
constructed petroleum lamp. Here the wick takes the form of a 
hollow cylinder so that oxygen comes into contact with the inside 
as well as the outside of the flame. The chimney strengthens the 
draught of air through the flame and no soot escapes from the 
top of the chimney with the gaseous products of combustion. 
But the combination in these lamps takes place in two sharply 
marked phases which can be easily recognized by the appearance 
of the flame. Just above the wick is a blue, barely luminous 
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flame which consists chiefly of burning hydrogen. The upper 
part of the flame is luminous, and the better the lamp the whiter 
it is, and the worse the lamp, i e. the less the draught, the redder 
and yellower it is. At first there is an imperfect combustion of 
the petroleum which bums with liberation of carbon, but the 
particles of the latter carried up by the rising gases are raised to 
white heat and then consumed. This short description clearly 
indicates how a combustible must be burnt to get the greatest 
possible quantity of its carbon in the form of lamp-black. The 
substance must be allowed to come into contact with just the re¬ 
quisite quantity of oxygen to keep it alight, but no more, or un¬ 
necessary amounts of the carbon will be burnt to carbonic acid. 
In this case the flame will give more light and heat than before, 
which must be carefully guarded against. 

Any organic body rich in carbon can be used for lamp-black 
making. The substances chiefly used have for a long time been 
rosin, turpentine, and the resinous wood of various trees, especially 
the roots. Later animal and vegetable fats were added to the 
list, while more recently large quantities of lamp-black have been 
made from the by-products of petroleum refining and from 
natural gas. It can also be made from coal-tar pitch. In using 
these only a small portion of their carbon is burnt, the rest being 
set free in a finely divided state with some products of dry dis¬ 
tillation clinging to them. The presence of these influences the 
colour of the carbon and imparts to it a greasy feeling. The 
lamp-black must therefore be subjected to a special process of puid- 
fication to destroy these bodies. Carbon-black can also be made 
by a process difiering from imperfect combustion, that is, by dry 
or destructive distillation. If an organic substance rich in carbon 
is enclosed in a vessel with only a narrow opening and it is lieated, 
it decomposes, forming both Uquid and gaseous products contain¬ 
ing carbon together with the hydrogen and oxygen of the original 
substance. The excess of carbon remains behind as an amorphous 
coal, still containing the mineral substances originally present in 
the form of organic salis. Among vegetable bodies used in this 
way, wood must first be mentioned. Wine lees and grape stalks 
are also used. Among the animal substances employed for the 
purpose are bones, fragments of horn, and dried blood. To obtain 
a carbon-black from the resulting products, the mineral substances 
must be dissolved out from it.- The solvents are then rinsed 
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away with water, and on drying pure amorphous carbon is left 
which can be used in the same way as smoke-black freed from 
its impurities. 

Making Carbon-black from Resinous Woods 

We place the description of this method of manufacture first 
because it is unquestionably the oldest of all. Rude and primi¬ 
tive though it is, it is still practised in countries rich in pine trees. 
The roots of these trees contain a yellow wood which is ex¬ 
tremely rich in essential oil, differing little from oil of turpentine, 
which can easily be extracted by breaking the wood up small 
This rational method is, however, not always practised, the 



Fig. 29. 


people contenting themselves with burning the roots in a limited 
supply of air, thereby procuring large quantities of impure black, 
a little wood tar, and an essential oil having a very disagree¬ 
able smell from contamination with empyreumatic bodies, the 
latter being called crude pine oil, A smoke hut, such as can 
still be seen in many places, is represented in Fig. 29. 

It consists of a hut R, the size of an ordinary living room con¬ 
structed of rough boards. The ceiling of this chamber consists 
of a coarse fabric which hangs down in great folds about a quar¬ 
ter of the depth of the room. Cords are fixed to various parts 
of it which are all joined to one which passes over a pulley. Oi/ 
pulling the one cord the cloth is lifted and falls again by its own 
weight when released. The chamber is usually 16 or 17 feet 
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square and about 10 feet high. It is covered with a light roof to 
keep the rain from the ceiling-doth. A brick tunnel K, about 1 
foot square, opens into one side of R. This tunnel is 17 to 20 
feet long and slopes gently. It communicates with the brick¬ 
work chamber F, which can be closed by an iron door provided 
with a damper. The chopped-up roots are burnt on the sloping 
floor nearest to the tunnel On the door side a narrow channel 
leads to a well G, which collects the tar and the empyreumatic oil. 

The oven F is charged with chopped wood which is set alight. 
The hon door is then shut and the damper is kept open enough 
to maintain a thick red flame. The combustion gases carry the 
soot up the incline of K into R. Here they deposit most of the 
black on the floor and pass away through the ceiling. This in 
time gets so choked with soot that the draught is stopped, where¬ 
upon the cord is worked to shake the soot down. Only the 
wood nearest the iron door really bums, the hot combustion gases 
from it passing through the remainder of the wood which is 
thereby subjected to a kind of dry distillation, giving up its 
essential oil and a part of the tar which flows into the ditch G. 
It is of the highest importance to keep the flame in the oven just 
right. If it becomes too strong from an excess of draught, the 
soot accumulated in the tunnel and the chamber R may be ig¬ 
nited, the result would almost certainly be that the whole place 
would be burnt to the ground The soot in -R being very finely 
divided and mixed with empyreumatic bodies is very inflammable 
and would at once be ignited by contact with a burning substance. 
Hence the entry of the flame into the chamber might have dis¬ 
astrous consequences in addition to contaminating the lamp-black 
with ashes. The lamp-black must not be removed from the 
chamber R till the oven is quite cold, the fire having been ex¬ 
tinguished by completely shutting the damper. A narrow door 
in the side of R is then opened and the lamp-black is taken out 
with a wide flat wooden shovel. No trouble is taken to clear the 
black out very thoroughly as small scrapings are blown about 
and lost. The appearance of the black removed will at once show 
whether the draught has been properly managed. Laid upon 
white paper it should appear a pure black and streaks of it must 
not ^ow a brown except just at the ends. If the air has been 
deficient the black is distinctly brownish, is greasy and makes a 
brown mark if rubbed on the paper. In this case the tempera- 
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ture has been too low, quanti6ies of tarry matter having escape 
decomposition. Although in this case the black is less valuab 
than the pure product its formation is not regarded as a fault b 
the soot burners who are aware of the fact that in this case tf 
yield is greater than when the pure substance is obtained. Tt 
brown product can be purified subsequently. 

A large amount of the lamp-black is used just as it leaves th 



Fig. 80. 


soot chamber for purposes where cheapness is the great desidera 
turn, such as making grey washes with milk of lime, or ver 
cheap paints with rosin oil, or printer’s ink which need not b 
absolutely black. All the products so made, however, have th 
disadvantage of slow drying on account of the tarry impuritie 
in the lamp-black. If a newspaper is printed with one of thes 
cheap inks, it smudges when folded, “seta off” and dirties th 
hand. Attempts have been made to improve the primitive con 
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struction above described by making the sides of the building like 
Venetian, blinds. Such a modification is shown in Fig. 30. ^ 

Here there are two chambers with a common chimney in the 
centre. The oven and other parts are constructed as above de¬ 
scribed. The slates of the sides are used to regulate the draught, 
but this cannot be done perfectly, the contrivance losing more 
black than the old arrangement with a linen ceiling 

Purification of Lamp-black. 

To free the crude lamp-black from tarry matter it is made red 
hot whereby the tars are either decomposed with the formation 
of more lamp-black or they are volatilized. Simple as this 
operation may appear it must be executed with certain precautions, 
otherwise some of the lamp-black will be converted into shiny 
hard crusts instead of a dead-black powder These crusts re¬ 
quire to be ground and levigated before their carbon is fit for use. 

The ignition, which is sometimes wrongly called calcination, is 
best done in tubes of very thick iron plate, having their outsides 
protected from the fire by a plaster of loam, water, and chopped 
straw. This coating has to be renewed from time to time. The 
iron tube is closed entirely at one end, while at the other it is 
•covered with a cap having a small opening in the centre. The 
tubes used have a diameter of from 6 to 8 inches and a length of 
from 4 to 5 feet. They are placed horizontally in an oven which 
is traversed by strong iron bars, such as old railway metal, so that 
several rows of tubes can be arranged at dififerent heights. The 
tubes must be so placed that the openings in the caps are outside 
the furnace and can be observed. The crude black is shaken 
loosely into the tubes until they are full except the last 2 inches. 
The caps are then put on and the joints carefully luted with 
loam, so that the tube is air-tight except for the hole in the lid. 
It is important that the black should be loose in the tubes, to en¬ 
able the gases developed by the heat to escape freely. When the 
oven is filled with tubes the fire is lighted. When the lower 
layer of tubes has been at a bright red heat for about two hours 
the fire is increased until the upmost row is red hot. The tubes 
are then taken out, the holes in the caps are stopped with loam, 
Rnd the tubes are left to cool thoroughly. If the tubes are opened 
before they are cold the finely-divided carbon will begin to glow 
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the moment it comes into contact with the air by condensing the 
oxygen from it and will soon break into flame. Cold lamp-black 
will not ignite spontaneously on exposure to the air. To keep the 
lamp-black from again becoming impure it should be packed the 
moment it is taken out of the tubes. The best method of pack¬ 
ing it is in tin-plate canisters with well-fitting lids, and of such 
sizes that they hold 1, 2, or 3 kilograms of lamp-black. When 
the canisters are filled and closed the lids are sealed by gumming 
on strips of paper. 

When the tubes become red hot, a stream of gas will be found 
to be issuing from the small holes in the caps, which will bum 
with a bright flame. The gas increases in volume for a time, but 
finally disappears. It is produced from the tarry bodies in the 
lamp-black which are either volatilized or decomposed with libera¬ 
tion of solid carbon. 

The extinction of the flame is a sign that all the tarry matters 
are destroyed, hence that the operation is concluded, and the tubes 
can be rem'oved from the fire. Properly purified lamp-black when 
removed from the cold tubes must be perfectly black and without 
lustre. It must, when rubbed down on a sheet of paper, give a 
dead-black without greasing the paper. If the mark is brown 
the tubes have not been heated sufficiently to destroy all the im¬ 
purities present. 

In purifying the lamp-black the temperature must be raised to 
a red heat gradually. If the heating is too quick, the sudden 
evolution of gas may blow off the caps of the tubes, whereupon 
the contents will burn. Even although this may not happen, 
the too rapid heating would cause the formation of the above- 
mentioned shiny crusts which require grinding and levigation to 
make the carbon serviceable. Properly ignited lamp-black can be 
used in the manufacture even of the finest printing inks. 



CHAPTER XIIL 

LAMP-BLAOK CHAMBERS. 

It is easy to see that the description already given refers to a 
chamber of very primitive construction, which requires little art 
to convert it to one which is more suitable for the purpose. 
On watcliing one of these primitive arrangements in action it is 
easy to see that there is always a fairly thick black cloud hang¬ 
ing over the ceiling-cloth. This consists of combustion gases 
together with the finest of the carbon particles swept by the 
gases through the meshes of the cloth. Hence the best and 
finest pai’ticles are lost, only the coarser ones collecting in the 
chamber, being too heavy for the gases to sweep away. 

It is, however, possible with a proper arrangement to separate 
the lamp-black so thoroughly from the combustion gases that only 
very small quantities are lost, at the same time an automatic 
sorting of the carbon into coarser and finer particles takes place. 
The essential point in such an erection is to make the combustion 
gases travel a considerable distance before they can escape. 
The cooling and friction which they then undergo so lessens 
their speed that they deposit the particles of carbon, the coarser 
at a distance from their place of exit and the finest nearer to it. 

In order that the process may be carried on uninterruptedly 
on a large scale, the lamp-black chambers are in duplicate, each 
one capalole of being put into communication with the chimney 
separately. It is then possible to be making lamp-black in one 
half of the plant while it is being collected from the other. 

Lamp-black chambers have been so constructed that the com¬ 
bustion gases with the carbon particles floating in them are com¬ 
pelled to pass thx’ough a vaulted brick tunnel, and through an 
opening at the end of that into a second tunnel running parallel 
with the first, so that the gases travel in the second in the reverse 
direction to that which they took in the first. This may be re- 
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peated with a third and a fourth tunnel before the gases reach the 
-chimney. If each tunnel is 11 yards long and there are four of 
them the gases have to travel in all 44 yards The last tunnel 
receives the finest lamp-black 

In constructing this apparatus it is essential to line the 
•tunnels with good smooth bricks and to point the courses well, 
in order that the lamp-black can easily be brushed off the sides. 
Before the plant is used it must be heated for a considerable 
time to dry it completely. This is done by passing through it 
hot air and gases from a furnace until the outside of the tunnels 
is distinctly warm. If this precaution is neglected the lamp¬ 
black produced will be worthless for a long time. The heat of 
the gases will evaporate the moisture out of the walls and it will 
again condense m part upon the particles of lamp-black, so that 
instead of a dry loose powder the product will be a smeary black 
•clinging mass which will have to be dided and ground before it 
can find a market. It is easy to see that the plant described 
<30sts money and can only be recommended for working on an 
unusually large scale; a plant which will yield 2 cwt. and more 
■of lamp-black every Wenty-four hours can be erected in a much 
■cheaper way. 

For the purpose of burning the raw material for lamp¬ 
black, a brick building is erected about 11 yards wide, 11 to 
13 yards long, and 10 feet high. The interior is plastered 
fimoothly inside with ordinary mortar and divided by a brick 
wall longitudinally into two chambers, each 11 to 13 yards 
long and about 16 feet wide. At the end opposite the hearth 
is the chimney Wi ich can be connected with each of the two 
chambers in turn. The height of the chimney must be at least 
11 yards, and on the top of it there must be a damper to be 
presently described for regulating the draught. 

Figs. 31 and 32 show the arrangement: Fig. 32 in ground 
plan, and Fig. 31 a vertical section Both the chambers are 
divided into compartments by walls parallel to the width of the 
chambers and about 40 inches apart. It will be clearlj^ seen 
from the figures that the combustion gases entering at F and F^ 
must work their way round these inner walls, so that they travel 
•60 to 70 yards in each chamber before they escape into the 
chimney. The inner walls subdividing each chamber should 
be of iron plate, preferably galvanized except those near the 



126 


DISTILLATION OF EESINS. 


chimney, which may be of wood planed smooth. It is sufiBcient 
to have the first two or three in each chamber of metal to prevent 
any risk of ignition by the heat of the combustion gases. Each 
chamber is provided with two doors, one close behind the other. 
The outer door is an ordinary wooden one, which should, how- 



Figs. SI and 82. 

ever, be lined with eV‘ 3 et iron as a protection against fire. The 
inner door is of j^od and lined with thick felt where it meets 
the door-post ty^make the door shut as air-tight as possible. No 
draught sho be able to pass into the chamber except through 
the same o /ening as the combustion gases, round the inner walls 
and out a^ the chimney 8. To enable the lamp-black to be re¬ 
moved frf.-m the chambers by daylight, the side walls have 
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windows, one between each part of the inner walls. These- 
windows are 40 inches long and 8 inches wide, and are most 
easily made by fixing sheets of glass air-tight by means of 
cement into openings in the brickwork. The windows, however, 
may be dispensed with and the lamp-black collected by artificial 
light. In this case no candle or lamp should be used, for fear 
of sparks igniting the lamp-black, an electric light carried by 
the workman together with a small accumulator serving for 
illumination. 

Where the gases pass from the last subdivision of each 
chamber into the chimney are dampers R and Rj, whereby each 
chamber can, if required, be shut off 
entirely from the chimney. To re¬ 
gulate 'the draught with sufficient 
accuracy a damper acting with per¬ 
fect certainty must be put at the 
top of the chimney. Such a damper 
is shown in Fig. 33. 

The iron cowl A rests on the 
chimney, being bent so as to open 
horizontally, and is balanced by the 
iron plate W. The cowl runs on a 
ball-bearing K, so that it acta as a 
weather-vane adjusting itself so that 
the wind can never blow down the 
chimney and hinder the proper 
movement of the fire-gases. This 
arrangement works perfectly even 
in the windiest weather. 

Below the cowl is the damper for regulating the speed of the- 
gases in the chimney. An iron plate S with a circular opening 
in the centre fits into the chimney. The opening is wider above 
than below, so that it can be closed by the heavy iron cone K. 
K is guided by an iron rod which passes through central holes in 
the cross rods F F, and is raised or lowered by a chain passing 
over the two pulleys seen in the figure. Fig. 34 shows the lower 
end of the chimney shaft. 

The channels I and 11 lead from each of the two chambers 
K K into the vertical part of the shaft. At R and R there are- 
accurately fitting dampers, above each of which is a Bunsen. 
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burner (Q G). If one of these dampers is opened and the burner 
.above it lighted, the air in the channel becoming heated, rises up 



the chimney, thus causing a draught in the chamber which 
enables the combustion gases to pursue the frequently described 
•devious course in the chamber. 

The Beginning of the Process. 

When a newly erected plant of this description is used for 
the first time, there are usually various diflBculties to contend 
with which gradually disappear as time goes on. These 
difficulties are principally two in number; one is that instead of 
• getting a pure light dry product, a blackish-brown greasy black 
is formed which lumps together when taken from the chambers 
and is unfit for use unless first thoroughly diied. The other 
difficulty is that of being able to hit upon the exact regulation 
of the draught necessary to bring all the combustion gases into 
the chimney and at the same time not to impair the smoky 
character of the flame. If the draught is too strong it carries 
away fine particles of cai'bon, and instead of the just perceptible 
smoke which ought to be seen issuing from the chimney there is a 
thick black doud containing a large proportion of the best and 
finest of the lamp-black. If, on the other hand, the draught is 
too weak, all the lamps may go out on account of the accumula¬ 
tion. of the products of combustion in the chambers which cannot 
•escape by the chimney. Thereby the atmosphere in the chambers 
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liecomes incapable of Kupporfcing combustion and the lamps are 
extinguished. 

It often takes a long time to get the apparatus to work properly 
without anyone knowing why they did not do so from the fii*st. 
In many cases the reason is attributed to defective construction 
and still oftener to want of skill on the part of the workman. 
Neither supposition can be justified. If tlie building were defective 
the arrangement could never be got to work properly, but would 
liave to be rebuilt, and an attendant who would never learn the 
simple physical and chemical processes concerned in the manu¬ 
facture of lamp-black would never succeed in making a faultless 
product. He would in every sense of the word drive money out 
of the chimney, it being much easier to work with a strong than 
with a weak draught, therefore, as above stated, much black is 
swept out at the chimney so that the output is far less than when 
the work is properly executed. 

Before putting a new plant into operation it is necessary to 
consider whether it is suitable for the purpose. Every manu¬ 
facturer will agree tliat when the building is complete and fitted 
with all the accessories for work, it should be started at once, for 
delay means time dui'ing which the capital expended on it i.s 
lying idle. 

Obvious as this may appear, it does not quite hit the mark with 
a new lamp-black chamber. However sparing the bricklayers 
may have been with water in mixing their mortar, the new 
brickwork must be very damp and the walls will feel damp and 
cold. Left to itself the brickwork di'ies but slowly, and even in 
a hot year it takes months before the work is apparently dry. 
Even then, if it is heated it will at once be evident that it is not 
dry right through but only on the outside. The wet from the 
inside will begin to sweat out, and this goes on until the brickwork 
is dry all through. It is therefore essential to wait till the brick¬ 
work is quite dry before setting the apparatus to work. If this 
is not done the product will, for a long time, be damp and clinging 
instead of dry and loose. The only way to save the months of 
waiting while the brickwork is drying spontaneously is to dry it 
artificially. * The expense of doing this cannot be compared witli 
the loss of interest on capital involved in the long waiting, for it. 
is confined to the cost of a few cwt of coke, 

Tlie drjdng must not be done without due care. If the brick- 
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work is heated too fast it may crack The heating must therefore 
be gradual, but must be kept up uninterruptedly till everything is 
quite dry. Great care must be taken, too, that no ashes from the 
fire get into the chambers or the first lots of lamp-black will be, 
if not altogether useless, at least of very inferior quality. The 
drying is best done as follows:— 

Build in the lamp-room where the black-producing material is 
to be afterwards burnt a cylindrical brick oven about 6 feet high 
and 20 to 24 inches in diameter. In -this, fix a grate about 4 
inches from the bottom and connect the oven near the top with 
an ordinary stove pipe which must be provided with a damper. 
The top of the oven is closed with a removable iron lid. The 
stove pipe is led with a slight upward slope to one of the openings 
through which the lamp-black is to pass into the chambers, and is 
luted into it,air-tight. The oven is then filled with coke, and 
while this is being done the damper must be quite shut to keep 
coke dust out of the lamp-black chamber. The damper is then 
opened, as well as that governing the bottom of the chimney, and 
the damper at the top of the chimney is opened full. Straw is 
then lit in the chimney to make a draught through the lamp-black 
chamber. When this has been accomplished small pieces of soft 
wood are lit under the grate in the oven so as to raise the lower 
part of ,the coke to a red heat. The heat soon spreads tDl all the 
coke is glowing and turning gradually to carbonic acid. ^ This 
gas enters the lamp-black chamber at a very high temperature, 
and loads itself with moisture from the brickwork until steam 
begins to appear at the top of the chiomey. When the coke in 
the oven is nearly burnt out, the stove-pipe damper is shut, the 
oven is quickly recharged and the damper is again opened. The 
heating must be kept up continuously day and night until the 
brickwork is quite dry, as shown by the clouds of steam ceasing 
to issue from the chimney, and the outside of the brickwork 
feeling warm even in those parts farthest from the stove. 

The lamps can then be put in their openings at once and the 
action started as there is already a draught through the chambers 
and the chimney. 

It may happen even with a perfectly dry lamp-black chamber 
which has been at work some time, that the lamp-black comes out 
damp and clinging instead of dry and loose. 

The reason must now be in defective working as the brickwork 
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has long been dry. In the imperfect combustion taking place in 
the lamps with a limited supply of air, the products contain not 
only carbon separated out in the solid form and also certain volatile 
tarry bodies, but always in addition certain quantities of the 
normal products of organic combustion, carbonic acid, and steam. 
Now the draught mu^ always be strong enough for this steam 
to retain the gaseous form till it escapes from the chimney. If 
the draught is too weak some of the steam will condense on the 
walls and floor of the lamp-black chamber, and in sinking on it 
will carry down particles of lamp-black forming with them a damp 
cohering mass. Too much draught is wrong because it sweeps 
lamp-black out of the chimney. The loss of lamp-black is certainly 
least when the draught is too weak, but entails the formation of 
a damp product, which is a very great inconvenience. It is hence 
of the utmost importance in lamp-black making to hit upon the 
happy medium as regards draught, and the ability to do this can 
only be acquired by practical experience. Practical men take for 
their guide in this matter the appearance of the flames. These 
should have a cloudy-red colour, and their tips should be bent 
over with streaks of lamp-black going from them to the openings 
into the lamp-black chamber. The appearance of the flames in 
conjunction with the appearance of the products escaping from 
the chimney-top really constitute a good test of how things are 
going. 

Occasionally a sudden break in the satisfactory working may 
occur. The lamps previously burning in quite a normal manner, 
cease to do so, and the draught has at once to be altered. This 
is always to be traced to a quick change in the barometric pres¬ 
sure, which can be proved by consulting a barometer at intervals. 
If the barometer suddenly falls, the draught becomes too violent, 
and insufficient if the glass rises suddenly. Such sudden changes 
in pressure often occur in a few minutes as precursors to thunder¬ 
storms or gales. When, therefore, either is impending, extra 
attention should be given to the lamp-black chambers. In start¬ 
ing a new apparatus for the first time, begin with one chamber. 
Open the damper at the top of the chimney completely, and also 
that governing the bottom of the chimney, and light the Bunsen. 
The damper of the other chamber must be closely shut. From 
time to time bring the flame of a candle to the opening m the 
back wall of the chamber where the combustion gases enter. 
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The flame should bend to the opening, this being a sign that a 
draught has been established through the whole apparatus The 
manufacture of the lamp-black can then be started. The combus¬ 
tion products are allowed to enter the chamber and a constant 
watch is kept upon the exit of the chimney. The gases at fii'st 
pass rather quiciily round the partitions in the chamber, so that 
only a small part of the lamp-black suspended in them can settle 
upon the floor. Hence as soon as they begin to issue from the 
chimney, the fact is announced by the formation of a thick black 
cloud of smoke. 

As soon as this makes its appearance the draught is checked 
by extinguishing the Bunsen, whereupon the smoke from the 
chimney becomes thinner. After this it is a question of regulat¬ 
ing the draught that the velocity with which the gases pass 
through the chamber to the top of the chimney becomes small 
enough to allow the particles of lamp-black to settle to the floor. 
To ensure this the damper at the bottom of the chimney is 
gradually closed, as well as that at the top, until the smoke at 
the chimney-top is only just perceptible. When this is the case, 
the speed of the draught is as small as possible consistent with 
safety. As soon as one chamber has been properly started in this 
way, the second can be set to work in the same manner. It is, 
however, better to wait till the first chamber has been going for 
twenty-four hours before starting the other, so that when it is 
fairly under weigh the lamp-black can be removed from the first. 
To stop the first chamber extinguish the soot-producing flame, 
and let the chamber cool for a few hours. During this time the 
draught through it becomes weaker and weaker, and all the 
lamp-black settles, while the chamber is charged with air through 
the opening which formerly admitted the combustion gases. Tlie 
damper at the chimney-foot is then entirely closed and the lamp¬ 
black is taken out. It can be sorted while domg so as the finest 
particles are those found nearest the chimney. The lamp-black 
is best scooped out with enamelled iron buckets the bottoms of 
which are covered with india-rubber or felt to preserve the cement 
floor of the chamber from injury. Care has to be taken that 
those who remove the lamp-black do not take any dirt or grit 
into the chamber with them on their boots. To keep the lamp¬ 
black dean they should always wear felt shoes kept for this 
purpose^nly. The chamber is usually emptied in thirds, one 
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consisting of the part nearest the chimney, one that furthest from 
it, and one intermediate, so as to get three degrees of fineness. 
Lamp-black will be found on the partitions as well as on the floor. 
This is usually left alone, as it gradually falls to the floor in 
subsequent operations. If, however, a chamber is to be left 
disused for some time, this black is swept down with a soft broom 
and removed. Even with the greatest care it is impossible to 
prevent some of the fine lamp-black rising in dust, for this 
reason the collectors should never enter the chamber except mouth 
and nose be covered by a respirator to save the lungs from the 
effects that any inhalation of the dust would produce. A mask 
such as firemen wear at fires answers still better. This mask con¬ 
sists of a helmet enclosing the whole head, and provided with a 
valve opening outwards to permit respiration. At the back the 
helmet is connected with an india-rubber pipe of such a length 
that the man is free to go to any part of the chamber, the pipe 
being connected with a small condensing pump outside the 
chamber which keeps up the supply of fresh air. By this means 
only pure air is breathed and there is no danger of injury from 
the lamp-black dust 

The longer the chambers can be worked continuously the better, 
the work of each chamber should therefore not be stopped any 
longer than is absolutely necessary to remove the lamp-black. 
Such uninterrupted working leads to the brickwork becoming 
heated in a very uniform manner, which makes it far easier to 
properly regulate the draught. 

The working of the chambers must be constantly watched. 
If in burning oil, for example, a few more lamps are started, the 
inci’eased development of heat will strengthen the draught which 
will at once be shown by too much smoke coming from the 
chimney. The draught must consequently be checked by using 
the dampers. When a new plant has been working for a time, 
sufficient practical experience of its characteristics will have been 
gathered to enable the attendant to adjust the draught quickly 
until the sign that all is right is observed—viz. a very thin grey 
smoke at the top of the chimney. 

No matter what kind of lamp-black is required, the lamp¬ 
black chambers are always built the same. The only difference 
is in the construction of the combustion room. Resins are burnt 
in shallow pans, rosin oils on red-hot plates, and fatty oils and 
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petroleum in specially constructed lamps. We now proceed to 
describe these different combustion arrangements in detail. 

Resin Lamp-black. 

^t would be possible with a proper combustion chamber to 
make lamp-blac^ji^ the imperfect combustion of ordinary pine- 
wood, but such j^^uct being of small value, the method is never 
resorted to in. a properly conducted factory. But a fine lamp¬ 
black can be obtained from purified resin, large quantities being 
made in that way. 



Fig. S6. 


The hearths for burning resin in a limited supply of air are 
usually very simple in construction. 

One of these is shown in Fig. 35, A niche 0 is made in the 
wall of the lamp-black chamber and is closed by the iron lid D, 
so as to form a space the shape of half an egg. The floor of^this 
space consists of the iron dish G, surrounded by a water-jacket 
Qi to keep it from getting too hot. The flame from the burning 
resin passes through the opening R into the chamber. It is easy 
to see that this arrangement is very imperfect When the lid D 
is raised to, put more resin into G, the portion left immediately 
bums with a bright flame, the draught in the lamp-black chamber 
being .considerably increased, besides which it,is impossible to 

8b|G£ 
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regulate the draught properly by means of D Fig. 36 shows a 
somewhat better contrivance for controlling the draught. 

This is an iron box set air-tight into the brickwork. The 
front of tliis box is cut at an angle, the oblique opening being pro¬ 
vided with an iron lid sliding laterally on a rod, so that a slit can 
be opened for the admission of air into the combustion room. As 
this opening can be made of any desired width It affords a means 
of exactly regulating the draught. In burning resin for the pro¬ 
duction of lamp-black care is required to allow sufEcient heat to 
burn the whole of it. It is true more rosin is available with less 
air, but as rosin oil is formed it must be burnt or it will con¬ 
taminate the lamp-black and convert it into a greasy sticky mass. 
Tlie flame will show whether enough air is being admitted to burn 
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the rosin oil. This is the case when the flame is a dull red, reach¬ 
ing completely to the opening into the lamp-black chamber. In 
order to be able to observe the flame without opening the damper 
too far, tlie movable iron lid of the box is provided with a circular 
hole glazed with a piece of mica whicli serves as a window. 
Tlirough this the flame can be watched without altering the slit 
admitting the air for qombustion. The lid need then be lifted 
only when all the rosin is nearly burnt and a fresh charge is 
necessary. As this, however, disturbs the adjustment of the 
draught, it is preferable to arrange matters so tliat the fresh 
charge of resin can be introduced without moving the plate A 
section of a suitable arrangement is shown in Fig. 37. 

Partly embedded in the wall separating the combustion room 
from the lamp-black chamber is an iron pan H filled with rosin. 
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> heat from the rosin burning in the dish S keeps the rosin in 
Qelted, When it is seen through the mica window A in the 
^able cover D that the rosin in S is nearly exhausted, the valve 

I the bottom of H is lifted by the lever shown in the figure 

II the necessary quantity of rosin has run into the dish. Witli 
simple contrivance as much rosin as required may be run 
S without ever altering the opening of D, once the draught 
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been properly adjusted, and the process can be kept going for 
\ without an;^ing being done but to keep H supplied, and tp 
the rosin into S from it from time to time. The contrivance 
ilso the advantage that it can be used not only for rosin but 
all other suitable solids, so that pitch and petroleum resi- 
cau be used just as well. Whatever material is employed, 
chief requisite is to manage the combustion in such a way 
no liquid distillates contaminate the lamp-black and make it 

sy- 

. Making Lamp-black from Liquids. 

'*he liquids usually employed for the manufacture of lamp- 
z are rosin oil, liquid animal and vegetable fats, crude 
)leum, the camphene or protogene obtained in rosin-distilling, 
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and finally a number of volatile hydrocarbons obtained in refining 
petroleum and known collectively in commerce as crude petroleum- 
ether. Petroleum-ether is, however, now less used for lamp¬ 
black manufacture, as on account of its use as a motor spirit 
the price has much increased, it is now too dear for our purpose, 
although it yields a very valuable lamp-black. The price of 
vegetable oils, too, shows a constant tendency to rise, and it 
seems as though they, too, would soon have to be erased from 
the list of lamp-black materials. Among oils, fish and seal oils 
appear to be the only ones which we shall be able to use mucli 
longer for this purpose. They are still to be had fairly cheaply, 
especially the unrefined kinds, which are needed for the purpose. 

On considering the methods of using liquid fuel for lamp¬ 
black many great differences appear; oils differ very markedly 
one from another. Fish oil, petroleum, and vegetable oils, can be 
burnt in lamps so that their product is really lamp ’’-black, but 
although petroleum-ether and other volatile hydrocarbons can be 
burnt in lamps, they are usually treated by a different method. 

Rosin oil, an exceedingly important material for lamp-black 
manufacture, has an ignition point so high as to preclude it being 
burnt in lamps, it is also too thick to rise properly in wicks. 
The same remarks are true of some petroleum residues. Properly 
to utili 2 e these bodies for lamp-black making it is necessary to 
heat them to render them thin and to allow them to fall then upon 
red-hot plates. On touching a metallic surface which shows at 
least a dull red heat, they partly evaporate and partly decompose 
into less complex hydrocarbons which also evaporate. If the 
proper quantity of air is then allowed to come into contact with 
the combustible vapours, they burn with a cloudy reddish-yellow 
fiame, from which a large quantity of extremely finely divided 
lamp-black deposits. 

Making Lamp-black from Rosin Oil. 

In making lamp-black from rosin oil or thick petroleum oils, 
the apparatus represented in Fig. 38 acts admirably. 

It consists of a closed iron vessel with a domed top, and con¬ 
nected by a pipe with the lamp-black chamber. The front of 
this vessel is closed air-tight while at work by a lid, in the upper 
part of which is the mica window a for observing the flame. 
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Below the window the lid has a circular hole inside which is a 
hoop bearing a screw with a fine thread. An iron disc h is 
screwed on to the thread outside. The disc, having a rather 
greater diameter than the hole, can be screwed up so as com¬ 
pletely to close the opening, or it may leave a narrow inlet. By 
this means, therefore, the supply of air to the burning oil can be 
accurately regulated as the opening can be adjusted with great 
delicacy, the thread of the screw being so fine. The bottom of 
the iron vessel is connigated, and about 8 iuchea above it is a cir¬ 
cular tube. In this there is a hole above each of the furrows in 
the corrugated bottom. The ring tube is connected by a wider 
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tube with the bottom of an iron pan in which the oil to be used 
undergoes a preKminary heating. The conical valve at the bottom 
of the pan is adjusted by a screw, allowing the flow of oil to be 
exactly regulated 

When the apparatus is to be used, the pan is filled with rosin 
oil, and a fire is lit under the corrugated bottom of the domed 
vessel. When this bottom is red hot, the cotdcal valve is raised 
a little, so that the rosin oil falls in separate drops into the 
grooves in the red-hot bottom. As soon as it touches this, the 
rosin oil begins to decompose and evaporate. The disc regulating 
the draught is then adjusted so that each drop as it falls burns 
with a cloudy flame, the point of which sends out a black streak 
of smoke towards the pipe leading to the lamp-black chamber. 
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It is easier to regulate the combustion so as to get the most lamp¬ 
black, when each drop of the rosin oil can be seen separately as 
it falls. Each drop must be fully burnt before another falls 
from the same hole, and the conical valve must be adjusted ac¬ 
cordingly. By working in this way not only is the combustion 
properly regulated, but the formation of coke in the grooves is 
almost entirely prevented. If the oil drips too fast, there is no 
time to evaporate it completely, and some of it forms a coke-like 
mass in the grooves. Tliis coke not only represents a waste of 
carbon, but being a bad conductor of heat, makes it necessary to 
bum far more fuel than would otherwise be required to keep the 
grooves red hot. Nevertheless, it is impossible altogether to pre¬ 
vent the formation of this coke, so that the apparatus must be 
allowed to cool at intervals in order that the grooves may be 
cleared out with a suitably shaped tool For this purpose the 
front plate is removed and the pipe to the lamp-black chamber is 
completely shut with an iron tompion. This must be done to 
prevent the strong draught which would otherwise ensue in the- 
chamber. When the grooves have been cleaned, the tompion is 
removed, the front plate is replaced, and the apparatus is re¬ 
started immediately. 

The lamp-black deposited by this system in the lamp-black 
chamber must be in very fine flakes and perfectly loose, it must 
not lump together on pressing. If it does lump it is a sign that 
the grooves were not hot enough to convert all the oil into gas, so- 
that vapours of undecomposed oil passed into the chamber with 
the lamp-black, and condensing there upon it, made it greasy and 
clinging. 


Making Lamp-black from Liquid Fats. 

From all the liquid fats which are fluid enough to bo burnt in 
lamps a product can be obtained which is a true lamp-black. It 
is of special excellence, and is used for the very finest printing ink. 
It fetches a price which compensates for the expensiveness of the 
raw material. 

It is well known that the lamps in which liquid fats or 
petroleum are burnt for illuminating purposes are exclusively 
designed to give a perfectly smokeless flame, with as much light 
as possible With this object the wick is made cylindrical so 
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that air passes inside it as well as outside, and a tall glass chimney 
is used to create a strong draught. The result is that the carbon 
separates out in a state of very fine division from the oil, and at 
a white heat gives a strong light. It is finally completely burnt 
so that nothing issues from the chimney but carbonic acid and 
steam The better the lamp is for lighting, therefore the worse 
it is for lamp-black making. A lamp for this purpose must be 
fed with a strictly limited supply of air, so that only a feebly 
luminous flame arises from the wick which gives a black cloud 
I of unbumt carbon. A lamp which 
fulfils these conditions very per- 
fectly is that of J. Bersch, shown 
in Fig. 39. 

In its outward appearance it is 
Kke the old-fashioned reading lamps 
in which the surface of the oil was 
maintained at a constant level. 
The oil to be burnt is contained 
in the cylindrical vessel 0, which 
is first closed by raising the valve 
in the narrow neck. 0 is then 
placed in the vessel N. If the 
short wire to which the valve is 
attached touches the bottom of N, 
the valve is open and the contents 
of 0 flow out. But as soon as the 
oil rises suflSciently in N to close 
the neck of C, the flow ceases. The wick of the lamp must be 
turned so as to be level with the surface of the oil in N. When 
some of the oil has been burnt the surface of it in N sinks 
suflBciently to let some more oil out of 0, until the neck of that 
vessel is again below the surface. Hence the wick is fed with oil 
until C is empty. The wick is wide and flat, and enclosed in an 
iron tube H, bent as shown in the figure, and opening into the 
lamp-black chamber KL Small mica windows should be inserted 
•opposite each other in H, whereby the appearance of the flame 
can be observed. The screw R regulates the height of the wick. 

On the lower part of the tube H a short cylindrical piece S is 
fitted. This ends below in a cone, the apex of which is per¬ 
forated with a small hole. Below the hole is placed a vessel to 
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catch the oil which flows over from the lamp uubumt. As the 
figure shows, the circumference of S bears a number of rectangu¬ 
lar slits which correspond to exactly similar slits in H. When 
the lamp has been lighted the draught is adjusted by tuiming S, 
so that the slits in it overlap those in H more or less, until the 
flame of the lamp is a cloudy red with a copious cloud of smoke. 
The height of the wick is regulated so that the flame is as large 
as possible consistent with its having these properties, and the 
draught is regulated accordingly. • At fiirst, howevei', the flame 
should be very small, and should not be increased until the tube 
H has been well heated. The little flame carries all the combus¬ 
tion gases in the still cold apparatus into the lamp-black chamber, 
but if the flame is large from the first, large flakes of soot will 
collect in the bend of H, and finally fall upon the lamp. Once, 
however, H is hot enough, the speed of the gases in it is suflS- 
cient to prevent any deposition of carbon until the chamber is 
reached. 

As every lamp must be put out of action from time to time, to 
clean it or to put in a new wick, the lamps must be capable of 
removal, together with the cylindrical piece S. While the lamp* 
is away, the lower end of H is kept plugged by a stopper placed 
handy for the purpose. This is to prevent a strong draught going 
through it into the lamp-black chamber. 

As many lamps are attached to a lamp-black chamber as there 
is room for. The attendant who has to superintend the combus¬ 
tion and keep the lamps supplied with oil, has so much to do that 
he may be unable to watch all the flames properly, and so cause 
a loss of lamp-black. It is therefore advisable to adopt Berach’s 
suggestion to supply all the lamps from a single oil reservoir. 
When this is full, the man has nothing to do for a long time 
except to devote his attention to the separate flames, and regulate 
the draughts. Fig. 40 shows the automatic contrivance for feeding 
the lamps. 

The oil reservoir G is made sufficiently large to keep all the 
lamps going for at least twenty-four hours. It is placed higher 
than the lamp-wicks. From its bottom proceeds the tube H which 
communicates with another running along the floor of the lamp- 
room. From this proceed other tubes L, one to each lamp. A cock 
in each of the tubes permits of the regulation of the flow to each 
wick. As the common reservoir is very large, a long time elapses. 
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before the surface of the oil in it has sunk so low that any diminu¬ 
tion of the hydrostatic pressure becomes noticeable. When this 
occurs the cocks in the tubes L must then be opened a little 



Fig. 40. 


wider to admit the necessary amount of oil to the wicks. It is 
better, however, to arrange the common reservoir exactly as 
•described for the separate reservoirs, and to supply it from yet 
smother reservoir. In that case the level of the oil in the first 
-cannot change as long as there is oil in the second reservoir. 

Universal Feed for the Lamps. 

To provide any given number of lamps uninterruptedly with 
fuel, the beat arrangement ever proposed is the one which may be 
designated as above. It is so constructed that the oil reaches the 
separate wicks at a perfectly uniform rate, provided (and this is 
essential) that the tops of all the wicks are at exactly the same 
level. 

Fig. 41 shows the apparatus. The oil reservoir V is of sheet 
iron and completely closed. It may be of any size desired. It is 
filled at F, through an opening provided with a lid, which can be 
screwed on air-tight. There is also an air-tight cock H. From 
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the bottom of V issues a short tube governed hy tlio cock 
•loading into the closed receptacle G. Parallel with this tube is 
.a narrower one Hy, which is continued into V and opens freely 
above tlie smd'ace of its contents. A pipe goes from the bottom 
»^ol* 0 to a wider horizontal tube R, from which proceed the ainall 
tubes r to the separate lamps. V is filled through F, tho cock H 
being open, till the oil has reached the bottom of the small dome 
into which H opens. F and H are then shut and and Hy are 
opened. The oil then flows through into Q, tho air previously 
ill this escaping through H.» into V. As soon as the oil is deep 
enough in G to close the lower ends of and Hyit ceases to flow 
(from V, until it has sunk so far as to leave both tubes open again. 



‘Then the small wjcks A are opened to admit the oil to tho lamps, 
and when these have boon lighted the supply to them is adjusted 
by regulating the cocks h to the proper degree of opening. If 
at the same time tho draught is set so that they burn with a very 
smoky flame, the attendant need not trouble about the lamps any 
longer while tho oil in V lasts, so that one man can manage a 
large number of lamps, all that is then required being to keoi) tlie 
wicks at the right height. As the arrangement Just descrilwsd 
<ixcludos the possibility of the fuel burning, except hi tho lamps, 
it can be used for such liquids as petroleum, which will take fire 
without any wick, on contact witii a flame. 

If the apparatus is to lie used for burning petroleum, it is 
superfluous to use lamps at all, in this case a simple arrangement 
is siil^stituted in which tlie petroleum burns freely. Tliis arranges 
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ment consists of a horizontal pipo, which is hxed to the supply 
pipe inside the lamp, having on its upper surface a row of lioles 
large enough to admit a good-sized pin. The taps h are turned 
so that the petroleum slowly oozes from these holes. It is then 
set fire to, and should burn in separate flames each about four- 
fifths of an inch in height. This is easily managed by ineauH of 
the taps h. The lamp-case is then closed and the draught is 
arranged so as to make the flames as smoky as possible. 

It has also been proposed to use an automatic contrivance, 
whereby the petroleum to be burnt flows at the proper rate into 
small shallow dishes. These are enclosed in a casing whereby 
the draught can be regulated and the combustion gases led into 
the lamp-black chamber. It is obvious that this is a possible 
method, but comparative experiments have shown that the yield 
of the lamp-black is greater when the petroleum is burnt drop 
by drop as above described, and also that the lamp-black is ob¬ 
tained in a much drier state. 

This result is due to the fact, that when the petroleum is 
burnt in dishes, some of it is always volatilized unbumt and 
carried into the lamp-black chamber. This serious drawback 
may be partly avoided by keeping the dishes cool during the 
combustion by means of a water-jacket, but the method of burn¬ 
ing by drops is always to be preferred. 

Making Flame Lamp-black. 

Every luminous flame, whether of a candle, or of a lamp 
fed with oil or petroleum, or of coal gas, consists of two very 
distinct parts. The lower part consists of gases comparatively 
poor in carbon, which burn with a pale, usually light, blue flame. 
The upper part, which runs to a point, consists of the glowing 
products of the combustion of these gases, i.e. of carbonic acid 
and steam, in which very minute particles of solid carbon are 
floating, having separated out from the flame gases, ridi in 
carbon. These particles of carbon are carried upward by tlie 
glowing gases, and if there is air enough, are gradually burnt, 
so that nothing rises from the apex of the flame but carbonic 
acid and steam. In this case complete combustion takes place. 

If the luminous part of the flame is cooled in any way, as by 
holding in it a cold piece of metal or porcelain, the particles of 
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glowing carbon are suddenly cliillod. They ctin then no longer 
burn, and. are deposited on the cold surlaco in the form of a- 
very delicate deep black powder, i.e. in the form of lamp-black. 

Lamp-black so obtained has many advantages over that made 
in other ways. It appears perfectly dry, has a pure black colour, 
and consists ofj nearly chemiailly pure carbon. It owes this 
high degree of I purity to the manner of its formation, which 
involves the absence of nearly all the tarry siibstaucos that are 
formed in the other processes, which cling to the free carbon. 

Such carbon, deposited by cooling a llaiiie, may be called flame 
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lamp-black or gas-black#and many forms of apparatus have been 
constructed for preparing it. Indepondoutly of the superior' 
([uality of the flame lamp-black, the use of these appai*atuH oflera 
the great advantage that costly erections arc not needed oven to 
produce large quantities of lamp-black. ludood a number of 
such apparatus can be 8l^t to work in an ordinary living room, 
and will make considerable quantities of lamp-black in a single 
day. Fig. 42 illustrates the^piinciple of all tlmso contrivances. 

A cast-iron cylinder with thin walls is turned smooth outside. 
It can easily be rotated on horizontal hollow trunnions, through 
one of which water is admitted to the inside of the cylinder, and 
flows out again by a pipe from the otlior. This constant flow of 
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water will keep the outside of the cylinder quite cold. Round 
the cylinder, and an iiicli or two from it, is a sheet of iron casing, 
the form of which will loost be gathered from the figure. Under 
the cylinder is a row of lamps, and their flames^strike uiDon the 
cylinder. This, being kept cold by the flow of water, becomes 
coated with flame lamp-blade. A very soft brush is fixed, so 
that as the cylinder rotates it brushes the lamp-black from it 



and guides it into a I'ccoptacle. The cylinder ia turned by any 
suitable raochanism, but tlie motion should be slow, so that tlie 
layer of lamp-black formed is not too thin. This apparatus will 
make lamp-black from animal or vegetable oil or from petroleum. 
When petroleum is used it is advisable to lix under the rotating 
cylinder two or three pimillel horizontal tubes having numerous 
small holes at the top, from which the fuel issues in small drops. 
The tubes should be aiTangod in such a way that the holes do 
not form rows running at right angles to the length of th(i 
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cylinder, or the lamp-black will not be distributed uniformly 
over the cylinder. 

An extremely fine lamp-black can also be made by burning 



ordinary coal gas from the holes in the tubes, but as a rule coal 
gas is too dear in towns to be an economical source of lamp¬ 
black. The case is different with rosin gas, which can very well 
be utilized in this way, and it gives a lamp-black fine enough for 
making the very best printa'’s ink. 
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An apparatus constructed on the principle shown in Figs, 43 
to 56 inclusive, and one which fulfils every proper requirement 
for the production of large amounts of lamp-black, is that of 
Dreyer, Fig. 43 shows an elevation, Fig. 44 the lower part of the 



Fig. 60 . 


apparatus from the outside, Fig, 45 a longitudinal section, Fig. 
46 a side view, Fig. 47 a cross section, Fig. 48 a section of the 
manhole and of the counter weight to the cylinder B, and Fig. 
49 an upper view of the footplate of a side-wall at the framing 
AA. Fig. 60 gives a side' view of the same, Fig. 51 a longi¬ 
tudinal section, Fig. 62 a cross section, Fig. 63 a view from above. 
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In Fig, 54 a section through the lamp-black collector a is given, 
and Fig. 65 shows the arrangement of the cam n and the lifting 
rod 0 . 

The separate parts of the apparatus are as follow: The frame 
AA, the cylinder B, the casing C, the lamp-guard D, the stripper 
E, the collecting funnel F, the gearing H, and the aspirator K. 
The frame is composed of two strong cast-iron ends, connected 
by the screws a. In the beaiings h and 6^ rests the polished 



Fig. 61 . 


cylinder B with hollow trunnions, to one of which the worm 
wheel e is fixed. This is geared with the endless screw d and 
rotates the cylinder. Water flows from a reservoir through the 
cylinder in the direction of the arrow and leaves the apparatus 
warm. To determine exactly the flow of water necessary to keep 
the cylinder cold enough a thermometer k is inserted at i. When 
the lamps are burning the flow of water is regulated so as to 
keep h always at^the same temperature. 

The number of lamps used depend on the size of the whole 
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Apparatus. The lamps i, and the distribution tube m, and the 
rubber tube, are connected with the mechanism intended to bring 
the lamps to such a distance from the outside cylinder, that the 
flame is so cooled as to give the greatest possible amount of lamp¬ 
black. Two round iron rods o are let into holes in the frame, 
and fixed there by the nuts p. At the closed ends of the distribu¬ 
tion tubes, forks g are placed, and lie between the plates r, which 



are fastened to the round rods by the nuts s. As tlie figures 
show, three rows of lamps can be used with the apparatus, these 
being burnt altogether or one or two rows at a time. 

The tube J supplies fuel to the lamps, the latter may be any 
vegetable or fish oil or petroleum, etc. The supply is regulated 
by the cock v, which is connected with the distribution tubes, 
and the lamps by the india-rubber tube n. 

The casing 0 of sheet iron is an inch or tvsp away from the 
cylinder B It can easily be lifted off by the handle w. At its 
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lower end are two flaps, x x, one giving access to the lamps, while 
the othet allows the action of the stripper to be observed. 

The stripper is essentially a atrip of thin elastic steel S which 
is fixed by screws on to the rails r} 77 . By loosening the screws 
the stripper can be pushed along the rails, so as to adjust it at 
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such distance from the surface of the cylinder B as may be de¬ 
sired. The aspirators K are connected with the upper part of 
the casing, and are connected with the outlet pipes t which are 
themselves connected with a ventilator. The draught of air 
caused by the ventilator is intended to free the combustion gases, 
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which consist chiefly of carbonic acid and steam, from the lamp¬ 
black still floating in them and to lead them to the chimney. 

The most important part of the whole aspirator arrangement 
is the lamp-black catcher. This is a wooden box divided into 
two compartments, and covered outside with felt to prevent it 
from cooling too quickly. Each compartment contains a lamp¬ 
black collector consisting of a sheet of iron cut zigzag, and 
covered with coarse flannel. On the rough surface of the flannel 
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the lamp-black settles as it is carried upwards by the combustion, 
gases. This would soon choke the lamp-black catcher, were it 
not for a device by which the lamp-black is constantly being- 
shaken off the flannel. As will be seen from the figure, the 
flannel-coated irons are lifted at intervals and allowed to fall 
again, whereby the lamp-black is shaken off to the bottom of the 
box. To prevent the lamp-black thus shaken off from falling- 
again upon the cylinder B, guard lids y y and insets S S are pro¬ 
vided, under which the combustion gases pass freely through the 
supports to the wooden box 

Dreyer has also fitted his apparatus with various other acces¬ 
sories for regulating the rate at which the cylindei’ B rotates, etc. 



As will^ appear from this description, the Dreyer machine is 
very complicated, and, like all such machines, requires unremit¬ 
ting attention while in action, or very soon much trouble will be 
incurred. It may be stated, however, that lamp-black can be 
made with much simpler apparatus, two of which will now be 
described 

Fig. 56 shows Thalwitzer*s apparatus. 

The chief part of this is an iron plate A, having a bent-up- 
edge a, and resting upon a vertical axis, which can be rotated. 
The gearing for effecting this consists of the cast-iron spindle 
the cogwheel d, the worm /, and the driving shaft o. The lamps. 
e are put under A, and are connected by n with a fuel reservoir 
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common to all. H is a stripper consisting of a slanting plate of 
steel, which continually scrapes off the soot settling on the under 
side of A when the apparatus is at work. 

When the lamps are lighted and the distance of the flames 
from the underside of A has been properly adjusted, the machine* 
is rotated, and water is run on to tlio plate A from the tube 
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As soon as the water has filled A, it overflows into a circular 
gutter whicli surrounds the plate. 

Fig. 57 represents an arrangement very similar to the last. 

The water for cooling flows in this apparatus through the 
openings d dm the hollow axle on to the plate, and after doing 
its duty flows off by o into the circular gutter E, and then away 
by the pipe /, The lamps J and the stripper H are enclosed in 
an iron casing D. 

Purification of Flame Lamp-black. 

Flame lamp-black, no matter by what method it hns been 
prepared, has at first sight a deep black appearance, but a 
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practised eye will at once observe that the black is not strictly 
pure, but inclines to a deep, blackish-brown. This colour appears 
moat distinctly when a mark is made with the lamp-black on 
white paper, close to another made with some purified lamp¬ 
black. The crude lamp-black will then show distinctly brown, 
while the other streak will be pure black in the tlucker parts, 
fading to grey at the edges. 

It being impossible to conduct the combustion of the bodies 
used for lamp-black manufacture so that nothing is formed but 
pure carbon, steam, and carbonic acid, the lamp-black is always 
contaminated with the products of dry distillation. These are 
solid or liquid at ordinary temperatures, and sometimes they are 
present in rather considerable quantities, suflicient to impart a 
distinct brown colour Hence, before pure black printing inks 
•can be made from it, the lamp-black must undergo a very care¬ 
ful purification. This can be done by two methods, by calcina¬ 
tion at a red heat, or by dissolving out the impurities from the 
Jamp-black by reagents The simpler of the two processes is 
that of calcination in closed vessels. The heat which is applied 
‘either volatilizes or cokes the tarry products adhering to the 
‘Carbou The process, however, differs in no respect from that 
formerly described for the purification of ordinary pine lamp¬ 
black, therefore it requires only a few words. In carrying out 
this operation it is of the greatest importance to raise the tem¬ 
perature very gradually, watching the flame issuing through a 
small opening in the lid of the calcining vessel. If this flame is 
very long and bright, and issues with a whistling noise, the heat 
is too gi‘eat, there being some risk that the pent-up gases will 
blow the lid off, whereupon the lamp-black inside would at once 
•catch fire and be destroyed The flame must be small and silent, 
and the fire must be kept low till the flame disappears entirely. 
The fire is then increased until the vessel is at a bright rod heat, 
.80 as to conclude the process as quickly as possible 

To determine the action of very high temperatures on lamp¬ 
black we have subjected it for a long time to a bright white 
beat. The result was a velvety black substance, whidi proved 
on analysis to be nearly pure carbon. When this lamp-black 
was worked up with oil in a paint , mill, it was found that it 
required much longer time to amalgamate it with the oil than 
lamp-black which had been purified at a red heat only. This 
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remarkable fact can only be explained by assuming that the 
heat rendered the lamp-black more dense, and, considered in 
connection with the greater consumption of fuel for producing- 
the higher temperature, it proves that a red heat is beat for 
practical purposes. 

A properly calcined flame lamp-black answers every require¬ 
ment in respect of a pure black colour and softness of the pig¬ 
ment, so that it can be used in manufacturing the finest inks for 
ai-t printing. Experience has shown, however, that engravers on 
stone and copper give preference to chemically purified lamp¬ 
black, which cannot be a matter of prejudice, because the en¬ 
graver does so without knowing how the lamp-black is made. 
This is proof positive that chemically puiified lamp-black has 
advantages as regards softness and colour which escape any but 
the experienced eye. 

Chemical Purification of Lamp-black. 

All the tarry matters wliich produce the brownish shade are j 
fairly easily soluble in alkalis, both caustic and carbonated, but - 
especially in the former Hence it is advisable to purify lamp¬ 
black from these substances by means of fairly strong caustic- 
soda lye used hot, and by subsequently washing several times. 

It will be observed in testing the process on a small scale that, 
the first boiling with caustic soda lye gives a very dark brown 
solution, the second a slightly paler liquid, but even the third 
and fourth liquors are fairly dark. This result is due to the very 
great colouring power of the tar-products, even traces of them f 
give a very distinct colour to the lye. Quantitative experiments 
have shown that the great majority of the tar-bodies are dissolved 
out by the first boiling and that there is very little even in the 
second liquor. Hence two boilings are quite enough in practice 
to produce as good a lamp-black as may be required for any 
purpose. 

The boiling of the lamp-black with caustic soda lye is done 
in iron pots, and the following process can be recommended as 
using the least possible quantity of alkali:— 

The lamp-black is placed in the pot, and the caustic soda lye, 
containing 15 per cent of NaHO (34'’Tw.), is poured in so as to 
wet it thoroughly and just cover it. Water is then stirred in 
until the mass has the consistency of thin cream. It is then. 
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boiled As soon as it is boiling vigorously the heating is stopped 
and most of the lamp-black allowed to settle. The dark brown 
supernatant liquid is then ladled out into a second pot on to 
more crude lamp-black. When this has been boiled the lye is 
regarded as exhausted. In the meantime a fresh lot of lye is 
run into the first pot, but this time a lye of 6 per cent (12° Tw.) 
is sufficiently strong After boiling, the lye is drawn ofi'and the 
lamp-black is rinsed with water several times and dined It is 
then fit for any pui'pose for which it may be required, even the 
most exacting use to which lamp-black can be put. 

The weak lye after it has been used for the second boiling of 
-the first lot of lamp-black is used for the second boiling of the 
next, and so on as long as there is any lamp-black to purify. 

The lamp-black retains quantities of lye, therefore it must be 
very thoroughly rinsed to get rid of it. The rinsing is done in a 
shallow vessel having a perforated bottom. Over these holes is 
spread a closely woven hnen cloth upon which the lamp-black, 
wet with lye, is uniformly spread. Here it is left until the lye 
•ceases to drop through and the surface of the lamp-black begins 
to crack. The tamp-black is then covered with water and again 
allowed to drain perfectly. This process is repeated three or four 
times, nothing then remaining but to dry the lamp-black. Some 
insist that the rinsed lamp-black should be boiled with nitric acid 
and again rinsed, but this further treatment appears unnecessary. 
Nitric acid is expensive, it must be used in stoneware or porcelain 
vessels, and its action does not in fact add to the purity of the 
lamp-black. Treatment with caustic soda lye alone will give a 
product which on paper makes a perfectly black mark without 
any trace of brown. 

Care must be taken that the rinsing is complete before dry¬ 
ing, otherwise a white efflorescence of carbonate of soda will 
appear in the diy lamp-black. To see whether the rinsing is 
complete remove a little of the lamp-black from the linen, filter 
and dry it at a gentle heat in a porcelain dish. The lumps of 
carbon left must fall to dust at a touch. The dish is then heated 
over a flame till the lamp-black takes fire and gradually burns 
away. If the rinsing has been sufficient, nothing but the merest 
trace of ash will be left on the dish. On tlie contrary, there will 
be a distinct white residue of carbonate of soda if the purification 
is not complete. 
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The lamp-black is dried by spreading it thinly on linen cloths 
-stretched on a wooden frame. The frames are then put into a 
drying room, heated from the outside. The temperature inside 
the rooms should be about 40° 0. This temperature will dry the 
lamp-black very quickly if the room is well ventilated and kept 
dear of the steam rising from the lamp-black. 

It is a very bad plan to try and hurry the drying by doing it, 
for example, on hot metal plates. There is great danger when 
this method is adopted that the carbon, being in a state of minute 
subdivision, will take fire and be destroyed. If this happens, 
the only plan to save anything is to throw all the lamp-black at 
once into a vat of cold water When the lamp-black is dry, it is 
left on the frames till the room is quite cool, after which it is at 
once filled into the receptacles in which it is to be sent out, which 
should be iron canisters with well-fitting lids. When a canister 
is full and the lid on, a strip of paper is gummed round the edge 
of the lid to prevent either air or dust getting to the contents. 

In the purification of lamp-black on a large scale, consider¬ 
able quantities of used-up caustic soda lye rapidly accumulate 
This lye is dark brown and has a peculiar smeU, but the caustic 
soda can be recovered from it with ease by evaporating to dry¬ 
ness in a shallow cast-iron pan. The mass is then raised to a 
red heat with constant stirring with an iron rod. The heat 
destroys the organic matter dissolved out from the lamp-black, 
the residue being pure carbonate of soda. This is dissolved in 
ten times its weight of water and the solution is boiled with 
slaked lime. When the carbonate of lime formed has settled 
completely, the clear liquid is drawn off, it is a solution of 
caustic soda, which can be again used. The recovery of caustic 
soda can, however, only be carried on remuneratively by those 
dealing with very large quantities and having cheap fuel at their 
disposal. 


Carbon Pigments of Other Origin. 

Lamp-black is made either by burning bodies containing a 
large percentage of carbon in a limited supply of air, or by 
suddenly cooling the flame emitted by such bodies when on fire.-v/ 
In both cases a part of the carbon is separated out in a very finely- 
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ied state as a black powder, containing distillation products 
1 which it must be purified as above described. 

Phere are, however, other ways of obtaining finely-divided 
rphous carbon. One is a process known as dry distillation. 

, enables a large number of products, otherwise of very small 
e, to be used in the preparation of a product which will bear 
parison with the finest flame lamp-black in every respect, 
cost of carrying out the process, too, is very much less than 
16 case of flame lamp-black, so that it deserves the special 
ition of all lamp-black manufacturers. 

1 any organic substance containing a considerable proportion 
irbon is enclosed in a vessel provided with a small orifice for 
escape of gas, and if tlie vessel is then heated red hot, the 
ren and hydrogen of the organic substance combine with 
tin quantities of the carbon present to form liquids of a great 
3ty of composition and inflammable gases. The high tem- 
ture at which these liquids are formed vaporizes them, and 
escape with the gases through the orifice. If the substance 
ed contains a greater percentage of carbon than the oxygen 
hydrogen can combine with it, much carbon remains behind 
le solid state, and can be purified for use as a pigment, 
f the temperature is gradually raised, the physical structure 
he material heated remains quite unchanged. If wood is 
ied, for example, the resulting charcoal will show the micro- 
n structure of the original cellular tissue with perfect distinct- 
The organic bodies which can be used for the purpose 
ys contain more or less mineral matter or ash which would 
3 remain if the matter were heated with free access of air. 
resulting carbon which contains this mineral matter must,, 
ifore, be purified by chemical methods whereby the inorganic 
ucts are rendered soluble so that they can be washed away 
water. 

?h6 materials available for carbonizing are numerous, and 
lin waste products for which it would be dijBScult to find any 
: use answer very well. The substances mostly used are 
)sJof ivory, bone, leather, and, as regards vegetable matter, 
italks and other comparatively soft vegetable matter. Wine 
ler yeast forms a very valuable material, which is as yet but 
used. The same may be said of dried blood from the 
■hter-houses. 
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• Bone or Ivory Black. 

All bones, including ivory, consist of a framework of inorganic 
matter or bone-earth, through which organic matter is dissemin¬ 
ated. Hence if bones are made red hot in a closed vessel, the 
organic matter is destroyed, leaving carbon in a very finely- 
divided state lodged in the bony framework. If the heat is ap¬ 
plied gradually the bone retains its shape, but becomes quite 
black and is more porous and of much leas weight than at first. 
This bone black or animal charcoal has great power of absorb¬ 
ing colouring matter from liquids, so that it is largely used for 
bleaching such liquids. For example, in the vast industry of beet 
sugar manufacture, the solutions first made are very dark in 
colour, but after filtration through animal charcoal they will 
yield colourless crystals of sugar on evaporation Chemical 
trades require such quantities of bone charcoal that its produc¬ 
tion constitutes a large industry. In breaking up the charred 
bones a fairly considerable amoimt of waste is produced in the 
form of dust and small grains which cannot be used for bleaching 
purposes. This waste can, however, be worked up into a pigment. 
This is done either by grinding in water or turps or by dissolving 
out the mineral constituents with hydrochloric aci^ and then 
rinsing and drying the carbon. 

The mineral basis of bones consists mainly of the phosphates of 
lime and magnesia, salts which are soluble in dilute hydrochloric 
acid. A vat is half-filled with the above mentioned waste, which 
is then just covered with a mixture of equal volumes of com¬ 
mercial hydrochloric acid and water. As the mineral matter also 
contains carbonates a lively effervescence at once ensues, and 
small quantities of hydrofluoric acid are also formed from the de¬ 
composition of calcium fluoride in the bones. Now hydrofluoric 
acid being a very dangerous substance, air containing even traces 
of it is very injurious to the lungs. Hence the addition of hydro¬ 
chloric acid is usually performed in the open air and the vat is 
left at rest until the evolution of fumes ceases. A plug is then 
pulled out of the bottom and the carbon is thoroughly drained. 
It is then stirred up with water and again drained, when it has 
fully settled to the bottom. This rinsing with clear water is re¬ 
peated tUl all the hydrochloric acid is washed away and only pure 
carbon remains in the vat. For pigment making purposes it is 

11 
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essential that the carbon should be as finely divided as possible ; 
the washed carbon is subsequently ground in an ordinary colour 
mill. Very little power is required for this purpose, since once 
the bone-earth is removed the carbon particles have little cohesion. 
The properly ground mass forms a deep black mud which is left to 
dry spontaneously or is dried by artificial heat, Wlien dry, the 
purified bon^black is of a pure black colour and makes a most 
excellent pigment. 

Bone-black is put upon the market under a variety of names 
such as ivory black, ebur uatvm, Frankfort black, neutral black, 
etc. These all consist of finely ground bone-black purified from 
mineral matter. If leather scraps or dried blood are to be worked 
up iron tubes are employed, closed at one end, and with a well¬ 
fitting lid perforated'with a small hole. As these products give 
off* large volumes of combustible gas during the cliarring, it is ad¬ 
visable to lead the vapours from the opening in the tube by a 
bent tube so that they can be burnt and thus supply a portion of 
the heat required thus saving fuel. Leather or blood gives a 
charcoal which requires no treatment with hydrochloric acid, 
since the amount of mineral salts present is so snciall that its 
removal appears superfluous. 

Vine Black. 

The one-year-old and barely lignified shoots pruned systematic¬ 
ally from vines are used in many places for the preparation of a 
black pigment which from ita origin is called vine black. The 
shoots to be carbonized, cut in equal lengtlis, are packed into iron 
pipes which are loaded as full as possible. l^Iio plug is then put 
in the pipe, which is slowly raised to a full red heat. The charred 
matter contains a considerable quantity of carbonate of potash, 
from the organic potash salts originally present, and is freed 
from this by washing with water. It is not necessary to treat it 
with hydrochloric acid, as the insoluble salts are very small in 
quantity. It is true that the pi’oduct would be of even bettei* 
quality were the acid used, but washing with water and grinding 
usually constitute the whole of the operations. 

Soft shoots of other plants can also be carbonized, giving a 
product which can be used as a pigment after purification. Shoots 
of porous white wood, such as poplar, alder, and willow, are especi¬ 
ally suitable. 
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Yeast Black. 

In the fermentation of grape-nmst a considerable quantity of 
a pale brown substance separates out. This consists of the cells 
of the yeast plant mingled with a large number of small shining 
crystals of salt of tartar. As this thick yeast still contains about 
half its volume of wine it is pressed to recover as much as pos¬ 
sible of the latter. The residue is either worked up at once or 
thoroughly dried for keeping. Wet wine yeast putrefies very 
readily, the putrefaction rapidly destroying its most valuable con¬ 
stituent, the tartar. The dry yeast is carbonized in tubes similar 
to those used for the calcination of lamp-black. The charred 
mass is put in a vat of cold water, where it soon falls to a fine 
powder. When this occurs the liquid is stirred well for a time, 
and allowed to settle, finally the liquid is drawn from above the 
sediment of carbon. 

The tartar which separates out with the yeast during the fer¬ 
mentation consists chiefly of the tartrates of potash and lime. 
These salts are decomposed by the calcination and converted 
into the corresponding carbonates. Carbonate of potash is very 
soluble in water, so that it will be found in the water drawn oflf 
from the vat just mentioned and may he recovered by evapora¬ 
tion. The carbonate of lime being insoluble in water, hydro¬ 
chloric acid must be used to get rid of it. Washing with water 
will then give an unusually finely-divided carbon of superfine 
colour 

Both dried and freshly pressed yeast or wine lees are used in 
chemical factories for the preparation of tartaric acid. This is 
done by treating the yeast with hot hydrochloric acid, which dis¬ 
solves the lime and potash salts, leaving the organic matter of the 
yeast unaltered. The liquid is then filtered and the yeast remain¬ 
ing in the filters is rejected as wortliless. It ought, however, to be 
dried and carbonized, and would then give, after mere washing with 
water, a pigment of very superior quality. In the factories where 
tarfcai*ic acid is made from yeast, expense is incurred in disposing 
of this waste yeast, therefore the advisability of utilizing it as 
above described will be at once manifest. 

In breweries and spirit distilleries during fermentation enor¬ 
mous quantities of yeast are produced, far more than can be 
used as such. At present the best use that can be found for it is 
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to boil it and mix it with cattle fodder. It contains large quanti¬ 
ties of albuminoids, so that the employment of it for this purpose 
is quite legitimate. But the quantities of yeast produced in a large 
brewery are so great that it is scarcely possible to use all of it for 
fodder. The rest might quite well be carbonized and made into 
a pigment in the following way:— 

The pasty yeast is freed as much as possible from water by 
pressing, then completely dried and carbonized in iron pipes. 
Although the carbon obtained does contain a certain amount of 
mineral salts, especially phosphate of potash, nearly all of these 
are removed by simply washing with water. After this washing 
nothing remains to be done but to dry the carbon.. 



CHAPTER XIV. 

MAKING LAMP.BLAOK PIGMENTS. 

The manufacture of lamp-black pigments in general, i.o. print¬ 
ing inks, is carried out in a similar manner to that in wliich or¬ 
dinary paints are prepared. The solid pigment, in this case tlie 
lamp-black, is mixed in the proper proportions with a specially 
prepared oil by machinery until a perfectly homogeneous mass is 
formed. The homogeneity of the mixtui*e is of greater import¬ 
ance in printing ink than with any other pigment A printing 
ink which, has not been properly mixed produces at those places 
where there is too mucli lamp-black and too little oil a deep black 
wide impression, and at those where there is too much oil and too 
little lamp-black a grey and narrow mark. Hence it is impossible 
to use su^ an ink for printing purposes, especially for ai*t print¬ 
ing. Some copies will come out deep black with wide lines, and 
others grey with narrow lines. If the very jSneat and most puri¬ 
fied lamp-black is examined under the microscope, it will bo ob¬ 
served that the pigment is not, as might have been expected, in 
particles of equal size and shape, but in masses showing great 
differences in both respecta The larger masses consist of aggre¬ 
gations of the smaller ones which cohere together witli some 
tenacity, so that pressure on the cover glass breaks up the lumps 
only imperfectly. Long naiTow flakes will also bo soon, which 
are the remains of the large flakes seen under the microscope in 
unpurified lamp-black. Both the lumps and tho Hakes would in¬ 
evitably cause unevenness in the appearance of the finished 
printing. 

Paint Mills. 

In order to obtain printing inks conforming to the roiiuiro- 
ments above indicated, the best means available must, of course, 
be adopted. It is absolutely necessary to grind them in a paint 
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mill until all the particles visible in the field of the microscope 
appear of the same size. 

There are many types of paint mill, and although there is a 
number of differences in detail, they can all be classed under 
three well-marked categories. A cone mill is represented in 
Fig. 68, 

One part of the grinding arrangement is an obtuse cone with 
a fluted surface. Over it is a hollow cone into which the other 



Fig. fiS. 

fits, and the distance between the two can be regulated at]will. 
The grinding is effected between the two conical surfaces. 

Fig, 59 represents a plate machine. 

The grinding is here done between two horizontal plates pro¬ 
vided with radiating ribs. In some cases one plate is fixed while 
the other revolves. In other machines both revolve, but in op¬ 
posite directions. The roller machines illustrated in Fig. 60 form 
a third type. 

The roUera are of steel, porcelain, or hard stone. They^are 
“truly cylindrical, and polished. A special arrangement permits 
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the exact regulation of the distance between the rollers, which 
also revolve at different speeds or move laterally while revolving. 



Pig. 69. 


Hence the mass passing between tlie rollers is rubbed as well as 
pressed. 



Pio. CO. 


A machine of any one of these types will serve to produce 
homogeneous paints, if it is constructed with suflScient care, but 
for making printing inks the roller machine is the one to be pre- 
fenced. These turn out the mass in a proper state more quickly 
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than any of the others, but in working on a large scale it is 
advisable to give the lamp-black and oil a preliminary mixing 
with a cone or plate mill, and to complete the process in the 
roller mill 


Roller Machines. 

The best roller machines are those which have a large number 
of pairs of rollers arranged step-wise one over another in such a 
way that the mass scraped by the stripper from the uppermost 
pair passes through the second pair, and from them to the third, 
and so on. The separate pairs are so geared together that the 
lower rollers move somewhat faster than the upper ones, and that 
at every rotation one of each pair of rollei's moves a little to one 
side, and then back again. 

The distance between tlie rollers of each pair must be capable 
of exact adjustment by means of fine screws. As the lower 
rollers have to be closer together than the upper ones, there is a 
tendency for the mass to accumulate upon them. This is pre¬ 
vented by ninning them faster than the upper roUers, so that the 
mass passes along uniformly 

The material at present used for the rollers is hard stone or 
porcelain Stone rollers are made of porphyry or granite, but 
the atone must, in any case, be a very fine grained one. Experi¬ 
ence has shown that both coarse gi‘ained porphyiy and coarse 
grained granite are harder in some places than in others. Hence 
the stone wears faster in the soft than in the hard parts. The 
latter are, therefore, brought into relief. Such a want of uni¬ 
formity in the surface, even if imperceptible to the eye, is enough 
to seriously affect the proper working of the machine. Nothing 
can then be done but to trim the rollers on a lathe, or to put in 
new ones. 

Porcelain rollers consist of a thoroughly uniform mass at least 
as hard as porphyry or granite^ Being Uniform in structure they 
wear evenly and work even better after long use than when new, 
ss small irregularities of the surface left by the turner become 
smoothed away. Hence roUer machines with porcelain rollers 
are certainly to be preferred to machines with atone or metal 
rollers 
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MANUFACTURE OF PRINTING INKS. 

<3uite a number of materials for the manufacture of printing 
ink are given in recipes; it is impossible, however, to discover 
what use many of these serve. The following is a list of the 
articles now employed in the manufacture of printing ink:— 
Boiled linseed oil, boiled without driers 
Rosin oil from the dzy distillation of rosin. 

Rosin itself, especially Ameiican pine rosin. 

Soap, usually rosin soap, but occasionally ordinary soap. 
Lamp-black and vaidous other pigments. 

The art of making printing ink remained at a very low stage 
of development for a considerable period, the inks used during 
the first half of the nineteenth century probably diflfei’ing little 
in composition from those which were prepared by the inventor 
of printing Linseed oil W9,s very slowly heated over an open 
fire until it ignited. It was allowed to bum for a time and then 
extinguished by putting a lid on the pot. In this way a liquid 
was obtained coloured dark brown or black owing to decomposi¬ 
tion and the separation of carbon, its consistency varying with 
the period of heating, the longer the heating was continued the 
thicker it became. If necessary, the liquid was then thinned with 
unboiled, or only very slightly boiled, linseed oil. Lamp-black 
in the proper quantity was added, and the mixture worked with 
a inuller upon a stone in small quantities at a time to make it 
uniform. It was impossible, however, in this way to get uni¬ 
formity of composition throughout a large mass of ink, as may 
be observed by examining old books, when it will be noticed that 
some pages are of a uniform deep black while others are of a 
greyish tint. 
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Printing Inks. 

With the exception of inks required for colour printing, all 
printing inks are black, owing their colour to finely-divided' 
carbon made from pine-wood, rosin oil, etc., according to the 
quality of the ink desired. The finest inks for art printing,, 
lithography, and copperplate are made from flame lamp-black. 
When we consider the great variety of uses to which printing 
inks are put and how cheap many of them need to be, the reason 
for the vast number of published recipes will be very evident. Up- 
to the middle of the nineteenth century there was but one kind 
of printing ink, nowadays there are a great many, their composi^ 
tion varying considerably. A very great influence on the develop¬ 
ment of the trade in printing ink was exercised by the spread of 
periodical literature during the second half of last century. This 
caused a gigantic increase in the amount of printer's ink used, 
the demand having grown steadily for the last fifty years. 

The qualities of a printing ink depend upon the use to which, 
it is to be put. There are, however, certain requirements whicli 
apply to aU printing inks alike, these being as follows: The ink 
must be a thick and perfectly homogeneous liquid, it must con¬ 
tain no solid matter other than finely-divided carbon, and every 
drop when examined microscopically must appear as a clear 
liquid containing black grains uniformly distributed through it 

The consistency of a printing ink must be such that it passes 
on to the printing rollers at the proper rate. It will tlius be 
obvious that various consistencies are demanded according to- 
the nature of the machine used by the printer. For a rotary 
machine which prints many thousands of copies an hour a con^ 
sistency will be necessary very different from that required for 
art printing or for ordinary work. As regards colour, ordinary 
printing ink should be a pure black For economy's sake, how¬ 
ever, newspaper printers often use an ink so diluted that it does 
not appear deep black, but has a greyish-black tint, especially in 
large type. 

The question of the time the ink takes to dry on the paper 
is a very important one, especially with ink used for printing 
newspapers which are folded and despatched as soon as printed. 
If the ink does not dry suflBciently quickly, the whole impression 
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smudges and “sets off'* to such an extent that it becomes illegible 
in places. 

Although it is essential to employ a quick drying ink for this 
purpose, it is dangerous to go too far, for an ink which dries too 
quickly would make the paper stick to the formes and tear it 
A last condition which must be fulfilled by a good printing ink 
is that it must be easy of removal from the type, which has to 
he used again. 

I It is easy to see trom a review of all these considerations that 
no one composition will answer every requirement and that a 
number of different inks are required. Makers of printing inks 
are obliged therefore to work from definite recipes in order to be 
able to turn out uniform products. They make newspaper ink 
for rotary presses, book-printing inks and art inks. As the 
recipes employed in the trade have been attained by long, 
laborious, and costly experiments, it ig obvious that the makers 
are not disposed to communicate their knowledge to the public, 
the recipes that are offered and published must therefore be looked 
upon with caution as many of them are of little or no value. In 
the recipes for printing kis given below, the intention is to give 
hints only as to their general composition, but the practical man 
will easily discover if modifications need to be made in any recipe 
for his special purpose. 

The first real improvements in making printer’s ink consisted 
in the introduction of rational methods of boiling the oil, and of 
mechanical mixing appliances. The latter were at first ordinary 
cone or plate colour miUs. The i-oller machine is of more recent 
date. A great improvement was made about 1860 when rosin 
oil was first used in place of part of the linseed oil and when rosin 
soap was added to the ink. It thus became possible to make 
inks much cheaper than could be made with linseed oil alone. 
This was a very important matter for newspaper printing, the 
amount of ink used in printing even a single day’s issue of a largo 
journal being considerable, a saving of only 1 or 2 per cent on the 
cost of the ink amounts to an appreciable sum of money. 

Boiling the Linseed Oil. 

This process although known as boiling is not a true boilings 
but a heating having for its object the initial oxidation of the oil, 
so that it will dry better. Linseed oil is typical of the drying 
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oils, since on exposure in thin coats to the air it absorbs large 
quantities of oxygen, and is thereby converted into tough solid 
sheets having properties very similar to those of soft india-rubber. 
The process proceeds much faster with the aid of heat than at 
the ordinary temperature, and the rate at which the boiled oil 
will dry when made into ink can be exactly regulated by heating 
it for a longer or shorter time. Prolonged heating yields an oil 

which will dry very quickly on 
exposure in thin coats to the 
air, the shorter the boating of 
the oil the more slowly will tlie 
ink made with it dry. 

Linseed oil must always Ix^ 
boiled in vessels of considerable 
capacity, the oil soon swells 
up on heating and begins to 
decompose so energetically at 
a particular temperature that 
there is considerable risk of its 
boiling over and catcliiiig fire. 
Various contrivances have boon * 
devised for boiling large ([uan- 
titles of the oil with safety, 
such as pans with an outlet pipt‘ 
in the side, through which the 
oil escapes when it risoH too 
high instead of flowing over 
the edge of the pan, and fires 
built on a trolley running <ni 
rails so that they can at once be moved from under the pan if 
there is any probability of the latter boiling over. The appa¬ 
ratus most suitable for preparing thickened linseed oil is un¬ 
doubtedly one in which the oil ofiers a very large surface to 
the air, and on that account requires to be moderately luxated 
ouly. The oil soon becomes very thick under these coinlitions 
and if necessary can be diluted to any required consistency with 
unboiled oil. 

In boiling linseed oil down to the proper thickness by the old 
method there are two points demanding special attention. One 
is the liability of the oil to boil over, and the other the develop- 
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ment of large quantities of vapour, mostly of acrolein, which has- 
a moat powerful and disagreeable smell, and an intense action 
upon the eyes. The attendant must be protected from these 
fumes, and the boiling must therefore be done where there is a 
strong draught to carry away the fumes as fast as they are pro¬ 
duced. There are various contrivances to cope with oil boiling 
over. That invented by Andres is shown in Fig. 61. 

The pan C is suspended by the chain K, by which it can be 
lifted out from the hearth. A rather large dish-like arrangement 
R surrounds C and the lid D closes C securely. If the oil boils 
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over it is caught in R. When the oil takes fire, the flame i» 
extinguished by the lid D and the pan is lifted from the fire 
as quickly as possible, not being replaced tUl the oil has cooled 
considerably. 

Fig. 62 shows an arrangement for boiling linseed oil which 
not only prevents any injury to the workmen from the fumes of 
the oil but obviates any fear of loss by the oil boiling over. 
The pan, which can be filled nearly to the brim with the oil 
to be boiled, has above it an enlargement A in the shape of a 
truncated cone which bears the conical head H connected to a 
chimney in which there is a good draught. A rather wide side 
tube R proceeds from the side of A and is bent over an empty 
pan P. 

When oil is heated in this apparatus all the fumes pass 
through H into the chimney. The shape of A allows full scope 
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for the oil to expand, but if this should not be enough, the oil 
boils over through R into P and is not lost. When the oil has 
ceased frothing, any oil in P can be put back into K, the appa¬ 
ratus, simple though it is, preventing all risk of fire or loss of oil. 

The time during which the oil requires to be heated depends 
upon the quantity, on the power of the fire, and on the consist¬ 
ency to which the oU has to be brought. No hard and fast rules 
can therefore be laid down. The longer the heating continues 
the darker and thicker the oil becomes and the quicker it dries 
in thin layers. 


Testing the Boiling Oil. 

To find out the condition of the hot oil at any given moment 
it is usual to take a sample from time to time and pour it in a 
thin stream into a very thin metal dish floating in cold water. 
The oil thus rapidly cools to the ordinary temperature and can 
then be tested. A very favourite test with practical men is to 
touch the oU in the metal dish with the finger, and slowly raise 
it, the longer the thread which can be drawn from the surface of 
the oU without breaking, the thicker the oii|,|lha8 been boiled. 

A skilled workman can judge the consistency of oil very well 
in this way, but great experience is required to do so. A far 
more reliable and at the same time as simple a method is to take 
the specific gravity of the oU. 

The more it has been boUed, the higher its specific gi-avity. 
As, however, the indications of an ordinary immersion hydro¬ 
meter would be unreliable in such a thick liquid as boiled linseed 
oil, another method which gives very accurate results oan be re¬ 
commended. Take out about a pint of the hot oil with a ladle and 
cool it quickly by pouring it into a metal dish floating on cold 
water. Then fill with the oil a flask holding exactly 500 c.c. 
when filled to the mark, and weigh the 500 c.c. 'of oil on a 
delicate balance. The weight of a htre (1000 c.c.) of the oil in 
grammes will then he the difference between tlie weight of th(i 
full and the empty flask multiplied by two, and the specific 
gravity of the oil will be one-thousandth part of the weight of 
the litre of oil. 

When a number of determinations of specific gravity have 
been made of the finished oU, the average of the numbers obtained 
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'^U give a normal specific gravity which can be worked to in 
a.11 future cases, boiling the oil till the specific gravity reaches 
what is regarded as the normal amount. Heating darkens the 
•oil, but that is of no consequence with oil to be used for making 
printing ink, on the other hand it is of very serious importance 
in making inks which are not to be black, especially for delicate 
shades in colour printing. In this case only oil of the very 
palest colour can be used, 


and it is beat not to boil 
the oil but to thicken it by 
another process which we 
now proceed to describe. 

Thick Oil. 

As above stated, the 
thickening of linseed oil 
results from the absorption 
by it of oxygen from the 
air, and by polymerization, 
which change is greatly pro¬ 
moted by heating. There 
is, however, another way of 
accelerating the absorption. 
The oil is but gently lieated 
and is then allowed to fall in 
a shower through a chamber 
in which an upward current 
of warm air is travelling. 
An apparatus for carrying 
this out is shown in Fig. 63. 



Fxo. OH. 


L is a shallow cylindrical dish of metal which cjin bo filled 
with oil through the opening at O. L is completely ouclosod 
below and at the sides in a second vessel M, but witli a space 
between forming a jacket into which steam can be admitted to 
heat the oil in Xi. ^ The condensed water escapes fi'om the opening 
at E- A pipe coil lies on the bottom of L and terminates in tho 
middle of L in a vertical pipe, the opening of which lies under a 
conical iron cover H. The end V of the coil outsido tho 
apparatus is connected with a fan which drives a continual 



176 


DISTILLATION OF BESINS. 


stream of air through it. The air is "warmed by passing through 
the coil immersed in the warm oil and escapes from under H. 
Above the vessel L is a cylindrical chamber G several yards higli^ 
made with glass sides so that the drops of oil falling down are 
exposed to the action of daylight. Thus the apparatus gives a 
combination of all the conditions conducive to the oxidation of 
oil; considerable surface, heat, and plenty of air and light. 

Over the tall glass case is a reservoir B of about the same 
capacity as L. This vessel has a perforated bottom which allows 
the oil to drop through it in the form of a very fine rain into L. 
The warm air rising through G escapes at openings shown at 
just below the upper reservoir. The pump P driven by a small 
motor continually pumps the oil back again into B, the oil being 
returned to B again and again until it has acquired the desired 
consistency. In a few hours the oil is generally so far thickened 
that it spins threads through the holes in the bottom of B, but 
the time naturally varies with the temperature and the height 
of the fall. Samples for judging the progress of the operation 
are taken from the filling opening at 0. Oil prepared in this 
way is only very slightly darker than the original, and can be 
used for the preparation of coloured inks. 

Boiled Oil and Rosin. 

To make an ink which will not spread at the edges of the 
letters "with nothing but pure linseed oil and pigment it is neces¬ 
sary to use an oil which has been very considerably thickened 
by one of the processes already described, and the resulting ink, 
although perfect in its way, is very expensive. In the cheaper 
inkfl thickeners are added to the drying linseed oil, and in tliis 
way inks suitable for ordinary printing are made. 

The thickeners used are both rosin itself and rosin soap, 
and when the ink has not to be of specially fine quality, a 
linseed oil which has been only slightly thickened by oxidation 
can be used The process of adding the thickeners is not difficult 
but requires some care since they must be quite free from so]i<l 
particles. 

The rosin is melted in a pan with constant stirring, and then 
the rosin soap is gradually stirred into it a little at a time, wait¬ 
ing tiU each lot is dissolved before adding more. The soap must 
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be quite dry and should be added in the form of thin shavings. 
While the soap and rosin are being mixed, the linseed oil is being 
heated up in another pan over which is hung a closely woven 
linen filter. Into this the rosin and soap are poured and care¬ 
fully stirred into the hot oil as they drip through. From time to 
time a sample of the oil is taken and its consistency when cold 
is noted. If it is too thick it can be diluted with more oil. If 
it is too thin, the addition of the rosin and soap is continued. It 
is possible to get a single mixing which will answer every pui’- 
pose It is usual to prepare three stock mixtures, weak, medium, 
and strong. The following recipes show how these mixtures may 
be prepared, but the propoi-tions may be altered so as to produce 
intermediate kinds if desired It will be observed that rosin oil 
is used in some cases. Like the drying vegetable oils it thickens 
and dries by absorbing oxygen from the air. It will dry very 
fast when spread thinly on paper. This property of rosin oil 
inevitably led to its being tried by makers of printing ink as a 
partial substitute for the dearer linseed oil These attempts met 
with so much success that inks are now made with very little 
linseed oil in them. Since the purification of rosin oil has been 
perfected the objectionable smell which was at one time an 
obstacle to its use can now be almost totally removed. Cheap 
inks, such as are used for newspapers, now all made in this 
way. 


Recipes. 


A. Liiiseed Oil Vehicles, 



I. 

Weak. 

Medium. 

Strong. 

Thick boiled linseed oil . 

, , 

. 100 

100 

100 

Rosin 

, , 

26 

25 

25 

Rosin soap 

. 

— 

— 

3 

Thm linseed oil 

ir. 

. 1-7 

4-5 


Thick boiled linseed oil . 


. 100 

100 

100 

Roam 

, , 

60 

50 

60 

Rosin soap 

, , 

10 

10 

10 

Thin linseed oil 


8-9 

6-7 

0-1 


12 
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Weak 

Medlimi 

Strong. 

Thick boiled linseed oil . 

. 100 

100 

100 

Bosin. 

76 

76 

75 

Rosin soap .... 

7i 

7i 

7A 

Thin linseed oil . . 

. 10-12 

8-9 

Mi 

B. Linseed and Rosin Oil Vehicles 

I 

Weak Composition. 

Weak 

Medium. 

Strong. 

Thick boiled linseed oil 

. 100 

100 

100 

Bosin oil . 

. 100 

100 

100 

Bosin 

60 

100 

160 

Bosin soap 

6 

10 

16 

Thm linseed oil 

V 6-7 

16-18 

10-12 


II. 


Medium Composition. 


Thick boiled linseed oi) . 

, , 

. 100 

iOO 

100 

Bosin Oil . 

, , 

100 

100 

100 

Bosin 

. 

60 

100 

100 

Bosin soap 

, 

6 

10 

16 

Thin linseed oil 

. 

. 7-8 

10-12 

16-18 


III. 


Strong Composition. 


Thick boiled linseed oil . 

100 

100 

100 

Bosin oil . 

. 100 

100 

100 

Bosin 

60 

100 

160 

Bosm soap 

6 

10 

15 

Thin linseed oil 

4-6 

2-8 

...» 


C. Linsaed and Oils Com}}osttio7is with Turj 


I. 



Weak Composition. 

Mudmm, 

strong. 

Baw linseed oil 

• • . 

. 100 

86 

Bosin oil . 


. 200 

100 

Bosin soap 

. • • • . . 

4 

7 

Bosin 

• «... 


100 

Turpentine 

• • . . . 

4 

2 
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Raw linseed oil 

^ledium Oomposition. 

Medium. 

. 100 

Sti'oug 

100 

Rosin oil . 

* ■ . . , 

25 

10 

Rosin soap 

. . .... 

. 1 

1 

Rosin 

. • ■ * • 


10 

Turpentine 

• • ■ * . 

1 

1 

Rav^ linseed oil 

III. 

Strong Oomposition. 

30 

3 

Rosin oil . 

• . • . . ■ 

. 25 

10 

Rosin soap 

• . .... 

1 

1 

Rosin 


, _ 

10 

Turpentine 

. 

1 



Tinted Printing Inks. 

Printers’ inks consisting solely of purified lamp-black and 
vehicle give^ of course, impressions which are pure black. It is, 
however, well known that a black which has to a practised eye 
a tinge of blue in it looks much better than a pure black. To 
make such a tinted ink many makex'S mix the-lamp-black with a 
blue pigment, which is added in very fine powder before the first 
grinding. Prussian blue is the pigment usually chosen and gives 
very attractive results. Prussian blue is, however, not a remark¬ 
ably stable substance, as it is very apt to turn brown from the 
formation of ferric oxide. Hence an ink made with Prussian 
blue, although it may have a good appearance at first, often as¬ 
sumes a dull brown hue in the course of time. Excellent sub¬ 
stitutes for Prussian blue are to be found in the Induline blues. 
These are very fast dyes, and inks tinted with them do not 
change colour. As pure indigo is now made artificially and sold 
at a reasonable price, this extremely fast dye can also be used 
for tinting inks made with purified lamp-black. 

Making Printing Inks. 

The manufacture of printing inks involves two operations, j 
mixing the pigment with the vehicle and making the mixture 
homogeneous. 

When it is a question of mixing in mineral pigments which 
usually have a considerable specific gravity, the work is simple 
enough. The vehicle being in a vat the finely powdered pigment 
is poured into it in a thin stream with constant stirring to get 
rid of air bubbles, and to mix it as perfectly as possible. 
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The pasty mass formed then goes straight to the colour mill. 
It is a better plan, however, to effect the preliminary mixing it¬ 
self by mechanical means rather than by hand. Such machines 
can be procured and their use facilitates the passage of the ink 
through the colour mill. The case is different when the pigment to 
be mixed is lamp-black. In this case the particles are very minute, 
and of low specific gravity and contain quantities of entangled 
air. When the mixture is stirred it will be found that there are 
several practical difficulties. The lamp-black floats obstinately 
on the surface of the vehicle, is scarcely wetted by it, and even 
after long stirring the mixture is anything but satisfactory, at 
the same time there is great loss of lamp-black, which flies into 
the air in dust. The beat procedure is to put the lamp-black 
into the mixing vessel first, and stir in enough vehicle to make 
a thick paste, to which the rest of the vehicle is then added. 

Under any circumstances, however, the manufacture of large 
quantities is inconsistent with hand labour, and machines are used 
which mix well and prevent all loss of lamp-black. The amount 
of lamp-black required for a given quantity of vehicle depends 
upon the nature of the lamp-black, and the kind of ink to be 
made, varying from 20 to 30 per cent of the weight of the 
finished ink. For making ordinary newspaper and poster inks, 
common lamp-black is used, while for book-printing the ink is 
made from purified lamp-black, as the common sort would show 
brown on the white paper. The very finest lamp-black is used 
for the highest class of letterpress and art inks. Then, too, a 
blue black is often preferred to a full deep black, for the sake of 
appearance, this being usually imparted by means of the purest 
Prussian blue. 

Mixing Machines. 

The machinery used in printing ink manufacture may be 
divided into two groups—the preliminary mixers, and the mills 
for making the rough mixture homogeueous. The preliminary 
mixer ought, however, to save a good deal of the work of the 
mill, whereby a large amount of time is saved. The mixer most 
suitable to use depends a good deal upon the amount of power 
available. If there is plenty of power at command at a cheap 
rate, such as water power, rapid work is not so important as when 
more expensive sources of power such “as steam engines are used. 
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The Rolling Cask. 

If water power is at hand, this form of mixing' machine is 
much to be recommended. It is represented in Fig. 64. 

It consists of an ordinary barrel or large drum a, through 
the ends of which runs the axle e which does not, however, 
pass through the centre of the ends, but on a slant. On turniug 
the crank shaft c, each end of the drum is lifttxl in turn, and the 
contents violently agitated. The materials are put in through 

l==fl 



Pig. 04. 


the opening at g which is then securely closed by moauH of a 
cover bolted on. One end of the drum is fitted with tlie tap-/ 
to draw off the finished mass. The axle of tlio drum i.s put into 
connection with the motor, and the cask is moved not too fast, 
but at about twenty turns of the shaft per minute, l^liis is quitt^ 
fast enough to get good mixing. How long the shaking noods to 
be kept up to get a good mixtme depends, of coursu, on the sizo 
of the drum and the amount of material in it. The <lruni should 
not be more than two-thirds full. To ascertain the time requu’odj 
a sample is taken from the drum every half-hou 3 ', tlio drum being 
kept going, until a sample spread on glass laid upon white paper 
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shows no visible drops of vehide or lumps of pigment. The mass 
can then go to the colour mill. 

Many industries require machinery for mixing powders to¬ 
gether or for mixing solids with liquids, therefore machine 
makers have devised a variety of apparatus for this purpose. We 
now proceed to describe some of the types. 

Mixing and Kneading Machines. 

A very suitable mixing machine is that of Quack, shown in 
Figs. 65 and 66. 



Fig. 66. 


The mixer in this machine is a cylinder with a hemispherical 
bottom. Two curved blades are rotated inside this by means of 
a fly-wheel worked by hand, or, if power is used, by a belt and 
pulley. When the contents of the vessel have been thoroughly 
mixed by the blades, they are turned out by tilting the vessel. 
The two blades rotate in opposite directions, thus effecting a very 
perfect mixing in a comparatively short time If the machine is 
used for mixing the lamp-black for printing ink, it must be closed 
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with a well-fitting lid wliile at work, othei'wise large quantities 
of lamp-black will escape as dust when the mass is thrown about 
by the rotating blades. 

An excellent mixing and kneading machine, which is now 
mucli favoured in factories, is that of Werner and Pfleiderer. 
The construction of the machine is such that the motion of hand- 
stirring with" a spoon in semicircular sweep can be imitated witli 
the same precision as that with which it kneads a pasty mass. 
These machines were at firat made chiefly for the use of bakers, 
enabling them to turnout perfectly mixed dough iii'a niucli loss 
time than by hand labour. Fig. 67 shows the essential feature 
of this machine, namely, the specially-formed stin*ei’, which I’O- 
tates in the trough. As this comes very close to the lx)ttom of the 



Fig. 66. 


trough, it seizes upon the mass put into it, cimshing and kneading 
it in a similar fashion to the hands. The mass passes ovoi' tlic 
stirrer, and falls back to the bottom of the trough, whore it is 
again kneaded, and so on, uninterruptedly, as long as the machine 
is in movement. In maoliiiiea intended for mixing lino powdors 
with liquids, the trough is provided with a well-fitting lid, wluoli 
can be entirely removed when the machine is to be clt^aned. 

In using this machine for mixing lamp-black with a vc^hicle, 
it is better to proceed somewhat difibrently than with other mix¬ 
ing machines. Instead of putting powder and liquid together 
into the trough, and then running tho machine until tlie mixing 
is complete, tho whole of the lamp-black should first be put into 
the trough with just enough vehicle to convert it into a rather 
stiff paste. The rest of the vehicle is added at intervals during 
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working o£ the machine, 
duced which in many cases is 


In this way a mixture may be pro< 
^uite as good as that produced with 



Flo 67. 


a roller colour mill, such as shown in Fig. 68, and a perfectly 
satisfactory printer’s ink will be the result. 



Fig. 68. 


In a printing-ink factory care must be taken to have one pre¬ 
liminary mixer large enough to keep all the colour mills going. 
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When this is the case, both power and machinery are employed 
to the fullest advantage, and the maximum of output can be ob¬ 
tained. 

Pkinting Inks of Special Composition. 

We have now given the most approved compositions for inks 
for books and art printing, and supplied instructions for making 
them in a way which will meet with every requirement Never¬ 
theless new recipes ai'e continually appearing, many being 
patented, for the manufacture of printing ink, making use of all 
sorts of substances, very different from those generally employed. 
It is perfectly reasonable to regard these recipes with a certain 
amount of suspicion, it is therefore quite unnecessary to fill 
whole pages of this book with them. We shall confine ourselves 
to a selection of a few recipes, which in our opinion will really 
give useful inks. Among the inks deserving attention are those 
made with oleic acid, or with tar oil, wliich will now be briefly 
described. 

V. -Oleic Acin Inks. 

Oleic acid or oleine is the liquid obtained in stearine candle 
factories by pressing the cakes of fatty acid, obtained from the 
crude fat, in a hydrauhc press. Stearic acid and palmitic acid 
being crystalline solids at the ordinary temperature, remain in the 
press, the pressure driving out the liquid oleic acid at first mixed 
with them. Oleic acid is a yellow oily liquid, known as oleine 
in commerce. A property of oleic acid, important for our purpose, 
is tlie ease with which it can be emulsified with solution of carbon¬ 
ate of soda. This peimiits of the oleic acid ink being easily cleaned 
off the types. 

IlosL*s Oleic Acid Ink. 

Mix together 9 lb. of Austrian turpentine, 10 lb. of soft soap, 
4 lb. of oleic acid, and 4 lb. of lamp-black (more if a very black 
ink is wanted) by the aid of heat, and pass the whole through an 
ordinary paint mill. The type is cleaned after the use of this ink 
with a 1 per cent solution of washing soda. 

- Artus's Oleic Acid Ink 

Heat 6 lb. of Venice turpentine with 3 lb. of oleic acid. Then 
mix in thoroughly 8 lb. of soft soap. Then mix in 6 lb. of lamp- 
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black, 4 lb. of Prussian blue, 2 lb. of oleic acid, and 2 lb. of water. 
This does not differ greatly from Real’s ink. It must be re¬ 
membered that the oleic acid added last will not dissolve in the 
water added with it, so that all the oleic acid might as well be 
added at the first. The Prussian blue must be in the finest pos¬ 
sible powder. 

Coal-tar Oil Inks. 

When coal tar is distilled, a whole series of products of various 
degrees of consistency is obtained, from liquids like water to 
thick oUs. These products are separated by taking advantage of 
the difference in their boiling points and are distinguished by 
their specific gravities; those oils having specific gravities between 
0*85 and 0*89 can be used for making printing ink. 

According to one recipe, an excellent vehicle is prepared by 
boiling 100 lb of linseed oil with 6 lb. of litharge, until a cold 
sample can be di’awn into fine threads. Then are added 40 lb. of 
rosin and 20 lb. of coal-tar oil. These are boiled to the desired 
consistency, adding a little coal-tar oil occasionally if the mass is 
too thick. The ink is made by mixing lamp-black with this 
vehicle in the usual way. 

G. Thenius’s Printing Ink. 

This is a coal-tar oil ink, prepared according to the following 
remarkable recipe : Boil 26 lb. of linseed oil with 3 lb. of litharge 
until a cold sample is fairly thick. Then add 10 lb. of pale 
American rosin previously melted. When all the rosin is dis¬ 
solved add 5 lb. of coal-tar oil. Then remove from the fire and 
stir till cold. Before the coal tar can be used, it must be purified 
by mixing every 100 lb. of it with -J- lb. of bichromate of potash^ 
lb, of manganese peroxide, and 2 lb. of sulphuric acid, in a vessel 
lined with lead. After stirring up well, let the mixture stand 
for a few hours. Then draw off the clear liquid from the sedi¬ 
ment, and wash the liquid till it is quite lieutral, first with dilute 
caustic soda, and then with water. This treatment of the coal-tar 
oil with powerful oxidizing agents is probably intended to destroy 
the powerful odour which the crude oil possesses. 
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OTHER LAMP-BLAOK INKS. * 

Besides the lamp-black coloured masses used for letterpress 
printing inks, there are some others used for different graphic 
purposes which differ materially in their composition from ordinary 
printing inks. These products include Indian ink, and litho¬ 
graphic inks and “chalks As regards the fii’st article it came 
originally from China, where as well as in other Asiatic coniitrieH 
it is employed for the purpose of writing. In Europe it is chidly 
used for engineering and architectural designs, and in the plans 
drawn for the sale of estates. Litliographic inks are liciuidH 
which can be used either for drawing or for writing, an<l differ 
in two respects from ordinary writing inks. In the first place 
they must resist the action of certain reagents, and in tli(‘ second 
they must be entirely removable from the stone by proper sol vents. 
The lithographic ‘‘chalk,*’ erroneously so called, is a substance 
with which one can write on stone as with a pencil on paper and 
must have the two properties above mentioned. Both in litho¬ 
graphic and in Chinese inks, the colouring matter is finely-divided 
carbon, the preparation of which has already been described. 
They can be prepared with any carbon pigment, vine black, yeast 
blade, bone black, etc., etc., provided the pigment is sufficiently 
finely divided. The art of preparing lamp-black for special pur¬ 
poses, especially for Chinese ink and the finest art printing inlos, is 
the trade secret of many manufacturers. Anyone who lias properly 
learnt the methods of lamp-black making, however, will see that 
there can be no secret about the matter, for every pure lamp- 
black consists of the same substance, viz. amorphous carbon. 

In former times the idea was expressed that everything 
(lepended upon what raw material wad used for the making of tlie 
lamp-black, but it is now known that this is a secondary matter, 
the great secret lying in freeing carbon from the impurities which 

(1H7) 
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are mixed with it when it is first made Now the impuribies 
depend upon what raw material is used. Those adliering to lamp¬ 
black made from rosin are different to those it contains when 
made from rosin oil, and these are again different from the 
contaminations inseparable from the preparation of lamp-black 
from petroleum, while the foreign matters in raw lamp-black 
made from fats are different again Hence a certain amount of 
experience will enable one to tell by smelling the crude carbon 
from what raw naaterial it was prepared. Whatever the raw 
material may be the treatment above described with caustic soda 
removes all the impurities and the final result is then the same in 
all cases. 

It will now be clear that a maker of lamp-black ought to 
choose a raw material containing the largest percentage of carbon 
in proportion to the price so as to give the largest yield of lamp¬ 
black and must take great care to free his lamp-black from impuri¬ 
ties by a proper treatment with caustic soda. - Another important 
matter in the manufacture of Indian ink and ordinary printing 
inks of good quality is the thorough amalgamation of the lamp¬ 
black with the vehicle. If this point is neglected, the very finest . 
lamp-black will be wasted with the production of very inferior / 
inks. ; 

Manufacture op Indian Ink. 

The lamp-black used for this purpose is commonly quoted as an 
example of a special kind of black. Indian ink came to us first 
from China where it is used for writing after having been rubbed 
up with water. For a long time after it was imported into Europe 
nothing was knbwn of the method of manufacture. Since China 
has become more accessible, the process of* manufactui’e has been 
discovered, and it may be briefly described as follows;— 

In a small brick stove connected with a pipe having a gentle 
upwards slope sesame oil is burnt in a primitive lamp consisting 
of an oil holder and a wick. The gases from the smoky flames 
pass up the inclined pipe. This pipe is lengthened by paper tubes 
stuck end into end until no visible smoke appears, the carbon 
being all deposited in the pipes. When a certain amount of oil 
has been burnt, the operation is suspended, the tubes farthest 
from the stove being first taken down, those namel^which contain 
the finest particles of lamp-black. Only the very ^est particles 
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are used for making the ink. The rest of the product is coarsei 
and is rendered more impure by tarry matters. This is used foi 
the manufacture of coarser and ciheaper pigments. 

The unpleasant smell of acrolein, a decomposition product ol 
all fats, adhering even to this very finest lamp-black, the Chinese 
manufacturers hide it by adding a little camphor and musk. The 
work in China is all hand labour. The lamp-black is mixed with 
gum solution to form a thick paste which is rolled into sheets with 
wooden rollers. The sheets are folded up and rolled out again, 
again folded, and again rolled, and so on till the mass is perfectly 
uniform. It is then pressed into moulds, and dried in the air 
Any cracks which appear in the pieces are stopped with some of 
the fresh paste. The fully dry sticks, which are rather hard, have 
hieroglyphics painted on them in gold for the beat sorts, and are 
packed in tissue paper. 

To ascertain whether the Chinese method really gives better 
Indian ink than that prepared in Europe from highly purified lamp¬ 
black we carried out the Chinese process exactly as above described, 
burning sesame oil and following every detail exactly. The finest 
of the lamp-black was moulded with the best gum arable and 
tragacanth mucilage and scented with a little of the tinctures of 
musk and camphor. The rolling was done by hand exactly as 
described. The result was a product quite equal to the ^est 
Chinese manufacture in every respect. Another lot of paste was 
made, mixing the materials by machinery. Microscopic examina¬ 
tion showed, as might have been expected, that the machine-mixed 
sample was much more uniform than that mixed by hand after the 
Chinese fashion. Finally, a mass was prepared with lamp-black 
prepared from fish oil, carefully purified with caustic soda. The 
three sorts were then compared, that made in China, that made 
by us from sesame oil in the Chinese way, and that made from 
fish oil. No difference between the three inks could be detected. 
This shows that if a product is carefully made from purified lamp¬ 
black the possible limit of excellence has been reached 

It has been reported by various travellers who were afforded 
the opportunity of visiting Chinese Indian ink factories, that differ¬ 
ent raw materials are used for making the lamp-black. Oils, fats, 
and the resins of various trees are all mentioned. As even in China 
itself these inks are met with in very different qualities, we may 
take it for granted that oil or fat lamp-black is used for the finer 



190 


DISTILLATION OF HE SINS. 


sorts and the coarser resin lamp-black for the inferior kinds. 
Common Chinese inks show clearly the characteristic brownish 
mark produced by unpurified lamp-black. The art of purifying 
lamp-black by calcination or by treatment with caustic soda seems 
unknown to the Chinese. 

The lamp-black is bolted through very fine silk cloth, boiled 
with glue water with constant stirring and ihen kneaded with 
the hands exactly like dough. When the mass is uniform it is 
heated to facilitate the shaping of it, and pressed into moulds 
where it is allowed to dry slowly 

Fine sorts of Chinese inks are always very carefully got up. 
The sticks generally bear a large number of Chinese characters 
painted in blue and red and are often wrapped in real gold leaf. 

On attempting to make the inks by this Chinese method it 
will be found that the setting of the glue hinders the mechanical 
working of the mass. This can, however, be easily avoided by 
preventing the glue from gelatinizing by the use of a little acetic 
acid. The small amount added evaporates during the drying of 
the ink, but to prevent it from attacking the metal moulds, the 
insides of these are lightly rubbed with fine wood oil. 

Lithographic Inks and Chalks. 

Lithography consists essentially in making a drawing with 
lithographic ink or chalk on a specially prepared fine grained lime¬ 
stone known as a lithographic stone. A liquid is then poured on 
which dissolves the surface of the stone, except where it is pro¬ 
tected by the ink. The atone is then rinsed free from the etch¬ 
ing liquid and a new liquid poured on. This dissolves the ink, 
so that the parts which it covered remain in relief when the stone 
is cleaned with a sponge. If then a printing roller is passed over 
the stone, ifc leaves the ink on the raised parts from which paper 
can be printed in a press 

There is a very large number of recipes for lithographic inks, 
differing, however, more in the relative proportions than in the 
nature of the ingredients. Moat of these compositions contain 
wax, soap, and diellac, together with fine lamp-black as a pig¬ 
ment. Many of them contain spermaceti also, but this can be 
replaced by tallow without seriously deteriorating the quality of 
the ink. 
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lu trying a new recipe always commence by using very small 
quantities. An ounce or so will show whether the material 
answers its purpose. If it does not do so it is as well to try the 
effect of varying proportions of the ingredients When success 
has been achieved it will be time enough to commence making a 
large quantity. The reason why several attempts have usually 
to be made before a satisfactory result can be obtained, even with 
an approved recipe, is that the ingredients vary more or less in 
quality. The soap used may contain more water than that de¬ 
manded in the recipe. The wax often shows very different pro¬ 
perties according to the degree of bleaching it has undergone, and 
the shellac may not be quite the same. 

Most recipes which really give good results direct that the in¬ 
gredients should be heated strongly enough to catch fire, and 
should be allowed to burn for a short tima We have, however, 
convinced ourselves that this burning is nothing more or less than 
sheer waste of valuable material. It is sufficient to heat to close 
upon the ignition point without actually reaching it. 

- Hence a metal pot with a well-fitting lid should always be 
used for the preparation of lithographic inks. The lid will at 
once extinguish the flame if the ink should by chance catch fire. 
When the flame has been put out the pot must be taken from the 
fire and allowed to cool a little before removing the lid, otherwise 
the ink may again take fire when it is exposed. 


Recipes for Lithographic Inks 


1. German Recipe. 


Bleaoliod virgin wax . 
V^hlto grain soap (fcallow). 
Liuby shellac 

Finest tlamo lamp-black . 


80 lb. 

20 n as free from water 
20 „ as possible. 
20-26 „ 


, The soap must first be dried. This is done by shaving it in 
fine shreds with a carpenter’s plane, the shavings being spread 
out on paper near a stove. As the soap loses its water, the 
shavings rapidly shrink and finally form a mass easily rubbed to 
powder, The dried soap must be kept from the air in Well-closed 
vessels, as it soon absorbs water vapour if exposed to it 

Having first molted the wax in the pot, heat it till it begins 
to develop the characteristic smell and then gradually add the 
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soap. An assistant continually stirs the mass all the time with a 
wide paddle. When the mixture heats up till white fumes begin 
to rise, this marks a close approach to the ignition point, so that on 
the appearance of the fumes the pot is removed from the fire and 
the lamp-black is stirred in in small quantities at a time. The pot 
is then replaced on the fire and heated till the mass is perman¬ 
ently fluid. The stirring must be kept up till a sample spread 
out thinly on a sheet of glass appear quite homogeneous. If 
the mixture is not homogeneous the final product will be want- 
ing in uniformity and be blacker in some places than in others. 
The shellac is next scattered in fine powder over the hot mass 
which is vigorously stirred all the time. When a sample on glass 
appears uniform, allow the mass to cool till it is just liquid enough 
to be poured into moulds, into which it is run and soon sets into 
hard shining masses. / 

The following six recipes are made up exactly as above 
directed, the quantities being in pounds avoirdupois:— 



2. Sfiglish Recipes, 







1 

2 

S 

4 

5 

G 

Y 0 UOW wax . 

.40 

— 

140 

16 

6 

100 

Masho . 

. .. .10 

60 

— 

24 

G 

— 

Gum lao 

22 

— 

100 

— 

— 

— 

Tallow Boap . 

.22 

60 

70 

18 

6 

100 

Lamp-black . 

.9 

60 

82 

16 

8 

60 

SheUao 

. — 

300 

— 

86 

80 

100 

Soda ash 

. — 

60 

— 

— 

G 

60 

Tallow 

. — 

— 

— 

18 

— 

60 

Tntpentine . 
BoBin . 

. . . . — 

I 

10 

8 

— 

— 


The chief difference between English and German recipes for 
lithographic inks is that the latter often contain fat, usually 
mutton suet. Soda is used along with this and forms an emul¬ 
sion with the fat. Generally speaking English lithogi’aphic inks 
are rather softer than those made from German recipes. 

Lithographic Chalks. 

Chalks or crayons for lithography closely resemble in composi¬ 
tion the lithographic inks, and like them must be easily removable 
from the stone after resisting the action of the etching liquid. 
They must in addition be capable of being sharpened with a knife 
like a lead pencil. The mass for moulding is made by melting 
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tlio ingredients together and stirring them well until tlie mixture 
is quite uniform. It is then cast into moulds and when it Jms 
set to a certain extent it is rolled out into thin rods. We sub¬ 
join four recipes with quantities in pounds avoirdupois:— 


Wax . 

Oil soap . 

Tallow 

Saltpetre . 

L&mp-black 

Spermaceti 

Shellao 


1. For Strong Etchiiig. 


2. Hard Clialk, 


Wax . 
Shellao 
Soap . 

Soda . 
Tallow 
Lamp-blaok 


. 04 04 

. 22 4Q 

. 24 — 

. 2 8 

. 16 24 

. — 82 

. — IG 


50 00 

85 26 

86 46 
6 6 
6 10 

20 20 


13 
















CHAPTER XVIL 


INKS FOB TYPBWBITING MACHINES. 

In the typewriter steel type at the ends of levers strike against 
a dyed silk ribbon, forcing the part of the ribbon struck against 
the paper which is supported by an india-rubber roller so as to 
make an impression of the letter on the paper. To avoid chang¬ 
ing the ribbons frequently they are made very long, 20 yards 
or more. Every tap on a lever rolls the ribbon up a little 
so that the next type strikes it in a fresh place In later makes 
of machine the broad ribbon has also a lateral movement, so that 
the types do not hit only on one line on the ribbon, which would 
soon wear it out. Hence the places struck form a wavy line on 
the ribbon, so that the ribbon can be used for a long time as the 
blows rarely hit exactly the same part of it again. 

It is easy to see that unless the ink used is one that goes a 
very long way it will soon give out in spite of these ingenious 
contrivances. Each letter made uses some of it. Hence for 
dyeing typewriter ribbons the colours must be chosen whiclx arc 
distinguished by a high degree of colouring power, so that a 
slight blow of the smallest steel type is sufficient to make a 
distinct impression on the paper. Even the most powerful 
colour would, however, not last long if it simply lay upon the 
face of the ribbocu 

The ribbon must store up considerable quantities of colouring 
matter in its pores which will replenish the surface when it is 
exhausted, so that as long as there is any dye in the ribbon it is 
distributed uniformly through the fabric. A properly prepared 
ribbon 22 yards long will suffice to print thousands of pages of 
forty lines of seventy letters each before the dye is so far ex¬ 
hausted that the ribbon must be changed for a new one. 

It will readily appear from the foregoing that in making 
typewriter ribbons attention must not be confined alone to the 
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coloul’ing matter, the textile fabric must possess sufficient 
porosity to serve as a reservoir for a considerable quantity of 
dye-stuff. 

Typewbiter Ribbons. 

Choose a thin but closely woven material of which both warp 
and weft must be silk (cotton tape is, however, usually em¬ 
ployed). This fabric, which must have at least the ribbon length 
of 22 yards, is cut into strips a little narrower than the 
distance bet-vt^een the flanges of the reels which are to take the 
ribbon. In cutting the strips care must be taken to cut exactly 
parallel to the direction of the warp, or some of the warp threads 
will work loose when the machine is used, catch in the mechanism 
and aftect the running at last to such an extent that the whole 
machine will I’equire a thorough cleaning. In a properly cut 
idbbon no threads get loose even with long-continued wear, and 
no hai*m is done to the machine. No silk fabric containing any 
sort of size or dressing whatever can be used for typewriter 
ribbons. Not only is a di’essed or weighted silk too hard, but 
it is not sufficiently porous. To test a piece of silk wash it first 
in lukewarm water, and then with lukewaim soap and water, 
rinse, and dry stretched on a frame. When dry it must have 
exactly the same feel and appearance as at first. 

The Inks. 

As already mentioned, inks for typewriters must go a long 
way and must be such as will distribute themselves tlmough the 
silk in a permanently liquid form. There is only one variety of 
colouidng matter which possesses the first quality to a sufficient 
degree, the coal-tar dyes, which surpass all other colouring 
matters immeasurably in strength. For this reason no other inks 
except those for non-copying are used for typewriter ribbons. 
The dyes used are either blues or violets, several of tlieso being > 
suitable. A water soluble blue or methyl violet arc most com¬ 
monly employed. But other coal-tar dyes can bo used if dasmed, 
whether they are soluble in water or otherwise, for those in¬ 
soluble in water may be dissolved in spirit. As, moreover, most 
coal-tar dyes are soluble in glycerine, which must always enter 
into the composition of a typewriter ink, the maker lias a 
fairly free hand in his choice of a dj'e. 
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It is often desirable to have a black ink for typewriters; such 
a one can be made with nigrosine, but it must not be forgotten 
that this dye, although it may be very finely divided, does not 
form a real solution. This property makes it very difficult to 
prepare a typing ink from it which will give clean impressions. 
If the ink is made with an induline blue, the colour of the 
writing is so deep that it appears nearly black, so that these 
blues are very suitable for use when very dark letters are re¬ 
quired. 

To make the ink, weigh out enough of the dye to serve for a 
number of ribbons. One hundred grammes (about 3^ oz.) is 
enough for a great many ribbons. Then take the same weight 
of pure glycerine and dilute it with its own weight of water. 
The glycerine must be weighed in a tared vessel, the amount of 
glycerine used being estimated by a second weighing. The dye 
is put into a porcelain basin and moistened with about half tiie 
dilute glycerine. The basin is then gently heated, stirring the 
contents with a glass rod. Most coal-tar dyes are freely soluble 
in glycerine, the solution in the basin being promoted by warm¬ 
ing. If the dye is one which is insoluble in water and but sparely 
soluble in glycerine, add a little strong spirit, but not while the 
basin is over a fiame, otherwise it would take fire. 

To ascertain when aU the dye is dissolved, try if any solid 
partides can be felt with the end of the glass rod and let a drop 
of the mass from the end of the rod into, a glass of clean water. 
The drop must form a perfectly transparent thread of clear 
colour and sink to the bottom. On stirring, the whole of the 
water must become uniformly coloured and no solid partides 
must be seen floating in it. When this test shows that complete 
solution has occurred stop heating and allow the mixture to cool. 
In cooling the material often becomes gritty. This shows that 
some of the dye has crystallized out because there is not enough 
glycerine to keep it in solution at the ordinary temperature. If 
this occurs add some more of the dilute glycerine and heat up 
again, for as long as there is solid matter in the cold mass it is 
unfit for use. When the mass no longer becomes gritty on cool¬ 
ing it is ready for the ribbons. Dye a sample piece of ribbon a 
few yards long in the mass and dry it in a stretched state. It 
should then yield dye to the finger when lightly pressed. The 
ribbon is then put on a typewriter and tested by actual use. If 
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it gives weak and thin letters there is not enough glycerine in 
the ink. If, on the other hand, the impressions are broad and 
letters which enclose a space, such as o, b, a, and e, have the space 
filled up with dye there is too much glycerine present, therefore 
the dye smudges. - 

The function of the glyceidne is to keep the ink liquid. As 
the ink dries on the ribbon, t^ie water or spirit used as a solvent 
gradually evaporates, and the ink would get quite dry were it 
not for the fact that the glycerine does not evaporate but, on the 
contrary, absorbs water from the air. The ink, which is for the 
most part dissolved in the glycerine (a little may in time separate 
in small crystals), is kept by it distributed through the whole 
substance of the ribbon. — When the type impinges on the ribbon, 
ink is transferred to the paper from the surface of the ribbon, 
but is immediately replaced by ink from the inteiuor of the silk. 
We see here the reason why many typewriter ribbons give much 
better impressions after having been in use for a time than they 
did when new. The ink has to be made rather too fat, i,e. with 
a small excess of glyceione. When by use some of the ink has 
been removed from the ribbon, the ink in the pores of the fabric 
again spreads uniformly and has again acquired the proper con¬ 
sistency for giving very clear impressions. 

Once the right composition of the ink has been hit upon by 
means of the above mentioned testa, a formula can be made for 
use on future occasions. As above stated, the initial quantities 
were 100 grammes of coal-tar dye, 100 of glycerine, and 100 of 
water. If it is found that of the 200 grammes of liquid 166 have 
been used, the formula will be as follows:— 


Dye.100 grammes ^ 

Glycerine.78 „ > 266 

Water.78 „ j 


The inks when properly made are usually too thick to l)e 
easily used on the ribbons. All then that requires to be done is 
to dilute them with water or spirit to the proper consistency. 
When the ribbon is dried the extra water or spirit evaporates, 
but the amount of dye remains the same and so does that of the 
glycerine. Hence the proper proportion between dye and glycerine 
does not change. Nevertheless the ink should not be diluted 
more than is absolutely necessary to get it into tiie ribbon, for 
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an over-diluted ink would adhere so weakly to the silk that extra 
dye would then hS^ve to be painted on to the ribbon, a very 
troublesome and lengthy process. 

Inking the Ribbons. 

The ribbons are not properly prepared until the ink is uni¬ 
formly distributed over the surface and through the entire 
thickness. This result can be secured only by a special process. 
If the ribbons are stretched out and then painted with the ink 
with a brush, they can in this condition be used, but a compari¬ 
son of several pages typed in succession will show that the 
strength of the impression varies very much. This indicates that 
there is too much ink in some parts of the ribbon and too little in 
others, which results in some of the writing being too heavy and 
some too light 


The Inking Apparatus. 

The inking is best done by dipping the ribbons and then 
pressing them. For this purpose a very simple apparatus may 
be used whereby the ribbons can be inked very uniformly and 
rapidly. It consists of a rectangular dish of glass or porcelain to 
hold the ink. Over one of the ends of the dish a glass rod is 
held horizontally by supports. Twelve to sixteen inches above 
the middle of the dish is a wringer consisting of two rollers of 
soft vulcanized rubber. One of the rollers has fixed bearings, 
but the other can be adjusted by means of springs so as to press 
with more or less force against the first. The ribbons are laid in 
the ink so that they can be lifted out without getting entangled. 
This is best done by putting them in layers one above another 
parallel to the length of the dish. A ribbon is left to soak for 
several hours. One end of it is then put between the rollers, 
and the pressure is regulated by screwing up the springs till, 
although the superfluous ink is squeezed out, the ribbon comes 
from between the rollers quite wet as if it had been drawn through 
water. The excess of ink falls back into the dish as the rollers 
turn and the ribbon passes between them. On leaving the rollers 
the ribbon is at once stretched out so that it cannot shrink on 
drying and is kept stretched for at least twelve hours. It is 
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then as dry as the glycerine in it will ^J^§rn^t"^jid ehoukl 
once rolled up. N G AL' 

Many typewriters have two j&xed reels, the ribouu being reeled 
on to one aa it leaves the other. Ribbons intended for such a 
machine are rolled up on a wooden reel and then packed for 
dispatch. In machines of more recent construction the ribbon 
reels can be taken out, the ribbons being sold on the reels which 
have to be used in the typewritei*. 

The finished ribbons must be packed in such a way that they 
are preserved from damage during transit and from the access of 
dust. A good plan is to wrap the rolled ribbon in paraffined 
paper with a stronger wrapper over that. The parcels thus made 
should be packed in metal boxes, and will then be safe from dust 
or damage. 

Making Carbon Papers. 


Modem typewidters are so made that copies can be taken 
at the same time that the original typing is being done. With 
good carbon papers as many as six copies can be obtained at one 
operation. The copying process is as follows : Under the paper 
which is to receive the original is laid a carbon paper with the 
px'epared side away from the first paper. Next to this coloured 
side is a second sheet of white paper. If the keys are struck 
with some force the carbon paper will mark the second paper 
exactly as the ribbon marks the first. If the carbon paper is 
very thin and the copying paper also, it is possible to get six quite 
distinct copies. Even more can be made, but the impressions are 
less distinct, and, moreover, in taking several copies much force 
has to be used on the keys of the machine which throws severe 
tax on the endurance of the meclianism. 


Carbon Paper. 

A very careful choice of paper must for this purpose be made. 
The sheets to be made into carbons must be soft and thin, and at 
the same time very strong. It is evident that this is a rare com¬ 
bination of qualities, therefore anyone who wishes to make carbon 
papers on a large scale must come to some agreement with the 
paper-makei’. 

Hitherto the papers chiefly used for the purpose have been 
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made from a very long stapled material without any sizing. 
Such papers answer the purpose fairly well. Of late, however, 
a paper has been made for this use far surpassing all others that 
we have had the opportunity of trying. It is made by steeping 
a thin, fine, long stapled silk paper in a solution of viscose. When 
thoroughly soalced the paper is removed and spread out fl.at. 
After Ijdng like this for a time the paper assumes the appearance 
of a very thin gelatinized skin. Before it is quite dry it must 
have weights piled on it or be run between rollers to prevent the 
surface from corrugating. The viscose solution is made by putting 
fine and well-cleaned cotton into a porcelain vessel and treating 
it with strong caustic soda lye. Tlie cotton is well stirred and 
kneaded with a glass or porcelain pestle to ensure its thorough 
penetration by the lye. Wlien this ]\as been done the vessel is 
left in a cool place at a temperature not exceeding 6 - 6“ 0, for a 
few hours. At this temperature the cellulose of the cotton 
combines with soda forming soda-cellulose, which does not differ 
in appearance from ordinary cellulose. When it has been formed 
the excess of lye is squeezed out very tlioroughly so tliat tlie mass 
appears scarcely damp. It is then at once put into a glass vessel 
which can be tightly closed with a well-fitting stopper. Here it 
is treated with a w’eight of bisulphide of carbon equal to about 
10 per cent of that of the original cotton. The stopper is firmly 
inserted and the vessel is put in a cool place. Bisulphide of carbon 
is very volatile and inflammable, and should never be poured on 
to the cellulose by artificial light After the bisulphide has been 
in contact with the soda cellulose for about twelve hours the 
mass turns yellow from the formation of viscose. The stopper is 
then removed, and when the excess of bisulphide has evaporated 
water is poured over the viscose. Soon after this has been done, 
the mass swells up considerably and dissolves to form a thick, 
sticky liquid, which, when exposed to the air, decomposes, i-e- 
producing pure cellulose. Hence hy pouring it over a glass plate 
a perfectly transparent skin of pure cellulose can he obtained. 
When the silk paper is soaked in viscose this penetrates completely 
into the paper, so that when it decomposes it fills all the pores 
of the paper with cellulose, giving it the leathery nature 
above alluded to, making it very strong, while it remains soft, 
thm, and supple, and thus possesses the very qualities required 
for a carbon paper. 
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Ink for Carbon Paper. 

This ink is made exactly in the same way as that for type¬ 
writer ribbons, except that once the proportions between glycer¬ 
ine and dye have been an-ived at, no water is used, nothing but 
dye and glycerine. 

The simplest method is to take a large porcelain basin, put 
the weighed amount of glycerine in it, and heat slowly to 100° 0. 
The dye is then stirred into the hot glycerine and the stirring is 
continued until solution is complete. The finished ink must be 
thick, but on no account gritty from undissolved dye. If this 
should, however, be the case, a little more glycerine will put 
matters right. Many makers add a little fatty oil to the injt, 
but the quantity must be very small or the impression from the 
paper will probably show an unsightly greasy border. Three to 
four per cent of the total is the extreme limit allowable, the oil 
being preferably castor oil, an oil which dissolves readily in 
spirit, whereby its'thorough amalgamation with the ink is made 
easy. The dye having been stirred into the glycerine, the castor 
oil is added last in solution in spirit, and the whole mass is 
worked till quite homogeneous. During the stirring most of the 
spirit evaporates and a very brief heating of the finished ink will 
free it from all spirituous smell. 

The ink is spread as uniformly as possible with a wide brush 
over a level plate of stone or glass, and rolled out uniformly with 
a printing ink roller so that a rather thick coating of the ink 
remains on the roller. The sheet of paper to be inked is also 
laid on a level plate under a sheet of strong paper in which a 
rectangular opening is cut a little smaller tlian the paper to be 
inked. The object of this uppoi* sheet is to prevent any ink 
getting on the under side of the sheet to be inked. It is import¬ 
ant that the ink should only be upon one side, otherwise the 
paper would make impressions where they were not required. 
The inked roller is then passed over the sheet to bo inked, which 
becomes penetrated with colour to a certain depth. Tlie ink 
must, however, not be thin enough to pass right through. The 
roller is then again inked and passed over the paper in a direc¬ 
tion at right angles to the first to ensure the distribution of ink 
as uniform as possible. The rolling is continued, re-inking the 
roller each time, until the ink on the paper is thick enough to 
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appear as a uniform shining layer which can for the most 
be shaved off the paper with a thin knife blade. No ink 
stick to a finger passed lightly over the paper. The fin 
carbon papers should be kept in a well-closed box to 
them from getting too dry, and in the box should be interk 
with ordinary writing paper. 

When a copy has been taken the mark of every letter C£| 
plainly seen on the carbon paper by looking obliquely ai 
inked surface. The parts where the types have struck are 
instead of shining, having lost a large part of their ink. I 
carbon is to be used a second time it is put into the type^ 
so that the types will strike between the lines formed ot 
paper the first time. In this way the sheet of carbon ca 
used again and again until its whole surface has been bro 
into requisition. 


' Rubber Stamp Inks. 

The ink used on vulcanized rubber stamps should be 
that when applied to a suitable pad it. remains sufficiently 
to adhere to the stamp. At the same time the fluidity st 
cease when the stamp is pressed upon an absorbing surface 
as paper. 

Formerly these inks were made by rubbing up pigmen 
fat to a paste. Such inks can, however, rarely be preve 
from making impressions surrounded by a greasy mark ca 
by the fat spreading through the pores of the paper. 1 
however, moat stamping inks are made without grease, a; 
properly prepared stamping ink contains nothing but glyci 
and coal-tar dye. As nearly all these dyes dissolve in 
glycerine the process of mianufacture is simple enough, 
dye, fuchsine, methyl violet, water blue, emerald green, et 
put into a thin porcelain dish over which concentrated glyc< 
is poured, and the whole is heated to nearly 100° 0. with 
stant stirring. It is important to use no more glycerine th 
necessary to keep the dye dissolved when the ink is coltjl. I 
mass turns gritty on cooling it must be heated up With ‘ 
glycerine till solution is perfect. 

In dealing with coal-tar dyes insoluble in glycerine, or m 
so, they should first be dissolved in the least possible quanti- 
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strong, hot alcohol. Then the glycerine is added and heat applied 
till the spirit is evaporated. 

To see whether the ink is properly made spread some of it ou 
a strip of cloth and try it with a rubber stamp. On paper, the 
separate letters should be quite sharp and distinct. If they run 
at the edges there is too much glycerine in the ink and more dye 
must be added to it If, on the contrary, the impression is in¬ 
distinct and weak, the ink is too thick and must be diluted by 
carefully adding glycerine. 

Indelible Stamping Inks. 

Stamp inks made with coal-tar dyes can often be x'emoved by 
washing with spirit or with lye. The so-called indelible marking 
inks made with nitrate of silver can be absolutely removed from 
the fabric with cyanide of potassium solution. 

For many trade purposes, e.g. when a manufacturer sends his 
goods to be bleached or dyed, it is of importance to stamp them 
with an ink which cannot be removed by washing or by treat¬ 
ment with any chemical A stamping ink answering to this de¬ 
scription is nigrosine, a black compound which cannot be destroyed 
in a fabric. But to make nigrosine adhere to the fabric in really 
indestructible fashion it must be developed in the fibre. To da 
this cut a stencil in strong cardboard, making a hole in the centre 
just large enough to receive the stamp. Then make a solution of 
4 oz. of sulphate of copper in a mixture of 20 oz. of water and 2 
pf glycerine. Paint the solution on to the fabric through the hole 
in the stencil and let it dry on. In the meantime prepare a solu¬ 
tion of aniline salt in distilled water and thicken it with gum 
until it will give a sharp impression with the stamp. If the stamp 
wetted with the aniline solution is pressed on th 0 treated part of 
the fabric, ni^osine is generated in the fibre and the impression 
is absolutely indelible. 

Another equally indelible stamping ink is made by thoroughly 
rubbing up a concentrated solution of viscose with fine lamp-black 
or any other finely-powdered pigment. When this ink is used with 
a stamp the decomposition of the viscose forms cellulose which 
encloses the colouring matter, fixing it to the fabric, and the cellu¬ 
lose envelope cannot be destroyed without also destroying that 
part of the fabric to which it adheres. 
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Stamp Ink for Glass, 

This special stamp ink is an etching ink used to produce in¬ 
destructible marks or writing on glass by chemical means. The 
ink develops hydrofluoric add which corrodes the glass. To 
make it, prepare separately a solution of 30 oz. of sodium fluoride 
and 7 of potassium sulphate in 500 of water, also one of 14 oz, of 
solid zinc chloride and 66 of concentrated hydrochloric add in 600 
of water. The two solutions are then mixed. If a goose quill is 
'dipped in the mixture it will write on glass, and a dull etched 
place appears wherever it touches. The mixture can also be used 
with a rubber stamp. When the ink has been applied it is left 
untouched for a few hours to etch deep enough aUd is then rinsed 
off with water. Eubber stamps used with this ink must be 
thoroughly cleaned with weak lye directly after using as they 
are rapidly destroyed by prolonged contact with the ink. 
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7s. lOd. home , 88. abroad.) 

THE MANUFACTURE OF LUBRICANTS, SHOE 
POLISHES AND LEATHER DRESSINGS. By 

Richard Brunner. Translated from the Sixth German Edition, 
Second English Edition. Crown 8vo. 188 pp. 10 Illustrations. 
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from the German of Louis Edgar And&s. Sixty-two Illustrations. 
240 pp. Second Edition, Revised and Enlarged. Demy 8vo. 
Price lOs. 6d. net. (Post free, lls. home and abroad.) 
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abroad.) 



8 


(Glue, Bone Products and Manures.) 

GLUE AND GLUE TESTING. By Samuel Rideal, 
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Horticulture. Translated from the French of Lucien Gbsch- 
wiND. 195 Illustrations. 400 pp. Royal 8vo. Price 12s. 6d. 
net. (Post free, 13s. home, 13s. 2d abroad.) 

AMMONIA AND ITS COMPOUNDS; Their Manu¬ 
facture and Uses. By Camille Vincent, Professor at the 
Central School of Arts and Manufactures, Paris. Translated 
from the French by M. J. Salter. Royal 8vo, 114 pp. Thirty- 
two Illustrations. Price 5 b. net. (Post free, 5 b. 6d. home; 
5s. 8d. abroad.) 

CHEMICAL WORKS. Their Design, Erection, and 
Equipment. By S S. Dyson and S. S. Clarkson. Royal 8vo. 
220 pp. With 9 Folding Plates and rO Illustrations. Price 21s. 
net. (Post free, 218. 6d. home, 21s lOd. abroad.) ■ 

MANUAL OP CHEMICAL ANALYSIS, as applied to 

the Assay of Fuels, Ores, Metals, Alloys, Salta and other Mineral 
Products By E. Prost, D.Sc. Translated by J. Cruickshank 
Smith, B.Sc. Royal 8vo 300 pages. 44 IIlustrations. Price 
12s. 6d. net (Post free, 13s. home; 13s 4d. abroad.) 

TESTING OF CHEMICAL REAGENTS FOR 
PURITY. Translated from the German of Dr, C. 
Krauch. Royal 8vo. 350 pages. Price 128. 0d. net. (Post free, 
13s. home, 138. 4d. abroad.) 

For contents of these books, see List L 
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SHALB OILS AND TABS and their Products. By 

Dr. W. ScHBZTHAUBR. Translated from the German. Demy 8vo. 
190 pages. 70 Illustrations and 4 Diagrams. Price Ss. 6d. net. 
(Post free, 9s. home and abroad.) 

THE BY-PRODUCTS OP COAL-GAS MANUFAC¬ 
TURE. By K. R. Lange. Translated from the German. 
Crown 8vo. 164 pages. 13 Illustrations Price Ss net. (Post 
free, 5a. 4d. home and abroad.) 

INDTTSTBIAL ALCOHOL. A Practical Manual on the 

Production and Use of Alcohol for Industrial Purposes and for 
Use as a Heating Agent, as an Illuminant and as a Source of 
Motive Power. By J. G. McIntosh, DemySvo. 1907. 250 pp. 
With 76 Illustrations and 25 Tables. Price 7s. 6d. net. (Post 
free, 8s. home and abroad.) 

THE UTILISATION OF WASTE PEODUCTS. A 

Treatise on the Rational Utilisation, Recovery and Treatment of 
Waste Products of all hinds. ^ Dr, Theodor Koller. Trans¬ 
lated from the Second Revised German Edition. Second English 
Revised Edition. Demy 8vo. 336 pp. 22 Illustrations. Price 
76. 6d. net. (Post free, Bs home; Bs. 2d. abroad.) 

ANALYSIS OP RESINS AND BALSAMS. Trans¬ 
lated from the German of Dr. Rarl Dibtbrich. Demy 8vo. 340 
pp. Price 7s. 6d. net. (Post free, 8s home and abroad.) 

DISTILLATION OF RESINS, RESINATE LAKES 
AND PIGMENTS, CARBON PIGMENTS AND 
PIGMENTS FOR TYPEWRITING MACHINES, 
MANIFOLDERS, ETC. By Victor Schweizbr. 
Demy 8vo. 220 pp. 68 Illustrations. Price lOs. 6d. net. (Post 
free, 11s. home; lls. 2d. abroad,) 

DISINFECTION AND DISINFECTANTS. By M. 

Christian. Translated from the German. Crown 8vo. 112 
pages. 18 Illustrations. Price Ss. net. (Post free, Ss. 4d. home 
and abroad.) 

(Ag^ricultural Chemistry and Manures.) 

MANUAL OP AGRIOULTXJRAL CHEMISTRY. By 

Herbert Inolb. F.I.C., Late Lecturer on Agricultural Chemistry, 
the Leeds Universi^; Lecturer in the Victoria University, 
Third and Revised Edition. 400 pp. 16 Illustrations. Demy 
8vo. Price 7 b. 6ct net. (Post free, $b. home; 8 b. 2d. abroad.) 

CHEMICAL lyiANURES. Translated from the French 
of J. Fritsch. Demy 8vo. illustrated. 340 pp. Price lOa. 6d. 
net. (Post free, lls. home; lls. 2d. abroad.) 

(5## alto Boni Product and Manunst p. 8.) 
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/ (Writing Inks and Sealing Waxes.) 

INK MANUFACTURE: Including Writing, Copying, 
Lithographic, Marking, Stamping and Laundry Inks. 
SiOMUNO Lehner. Translated from the German of the Fifth 
Hdition. Second Revised and Enlarged English Edition. 
Crown 8vo. 180 pages. Three Illustrations. Price os. net. (Post 
firee, 5s. 4d. home and abroad.) 

SEALING-WAXES, WAFERS AND OTHER 
ADHESIVES FOR THE HOUSEHOLD, OFFICE, 
WORKSHOP AND FACTORY. By H. C. Standage. 
Crown 8vo. 96 pp. Price 58. net. (Post free, Ss. 5d. home and 
abroad.) 

(Lead Ores and Lead Compounds.) 

LEAD AND ITS COMPOUNDS. By Thos. Lambert, 
Technical and Consulting Chemist. Demy 8vo. 226 pp. Forty 
Illustrations. Price 78. 6d. net. (Post free, 88. home and abroad.) 

NOTES ON LEAD ORES: Their Distribution and Pro¬ 
perties. By Jas. Fairie, F.G.S. Crown 8vo. 64 pages. Price 
Is. net. (Post free, Is. 4d. home and abroad.) 

(White Lead and Zinc White Paints^ see p. 5.) 

(Industrial Hygiene.) 

THE RISKS AND DANGERS TO HEALTH OF 
VARIOUS OCCUPATIONS AND THEIR PRE- 
VENTION. By Leonard A. Parry, M.D., B.Sc. 
(Lond,). 196 pp. Demy 8vo. Price 78. 6d. net. (Post free, 
7s. lOd. home and abroad.) 

(Industrial Uses of Air, Steam and 
Water.) 

DRYING BY MEANS OF AIR AND STEAM. Bx- 

planations. Formulae, and Tables for Use in Practice. Trtuis- 
iated from the German of E. Hausbrand. Second Revised 
English Edition. Two folding Diagrams, Thirteen Tables, and 
Two Illustrations. Crown 8vo. 76 pp. Price 58. net. (Poflt 
free, Ss. 4d. home and abroad.) 

(S« also Evaporating, Condensing atid Cooling Apparatus,'' p, 18.) 

PURE AIR, OZONE AND WATER. A Practical 
Treatise of their Utilisation and Value in Oil, Grease, Soap, Paint, 
Glue and other Industries. By W. B. Cowell. Twelve lllus- 
totions. Crown 8vo. 85 pp. Price 5b. net. (Post free, 6s. 5d, 
home; Ss. 6d.abroad.) 

For contents of these hooks, see List III. 
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THE INDUSTRIAL USES OP WATER. COMPOSI¬ 
TION—EPPECTS—TROUBLES—REMEDIES— 
RESIDUARY WATERS—PURIPIOATION—AN- 
ALTSIS. By H. de la Coux. Royal 8vo. Trans¬ 
lated from the French and Revised by Arthur Morris. 364 pp. 
135 Illustrations. Price 10s. 6d. net. (Post free, 11s. home; 
Us. (M. abroad.) 

(Srr Books on E7tgingering^ and Metallurgy ^ p. 18.) 

(X Rays.) 

PRACTICAL X RAY WORK. By Frank T. Addyman, 
B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London; 
Radiographer to St. George’s Ho^ital; Demonstrator of Physics 
and Chemistry, and Teacher of Radiography in St. George’s 
Hospital Medical School. Demy 8vo. Twelve Plates from 
Photographs of X Ray Work. Fifty-two Illustrations. 200 pp. 
Price 10s. 6d. net. (Post free, 11s. home; lls 2d. abroad.) 

(India-Rubber and Qutta Pereba.) 

INDXA-RUBBER AND GUTTA PEBCHA. Second 
English Edition, Revised and Enlarged. Based on the French 
work of T. Seeliomann, G. Lamy Torrilhon and H. Falconnbt 
by John Gbddbs McIntosh. Royal 8vo. 100 Illustrations. 400 
pages. Price 12s. 6d. net. (Post free, Ids. Id. home; 138. 8d. 
abroad.) 

(Leather Trades.) 

THE LEATHER WORKER’S MANUAL. Being a 

Compendium of Practical Recipes and Working Formulse for 
Curriers, Bootmakers, Leather Dressers, Blacking Manufac¬ 
turers, Saddlers, Fancy Leather Workers. By H. C. Standaob. 
Demy 8vo. 166 pp. Price 78. 6d. net. (Post free, 8s. home 
and abroad.) 

[See also Manufacture of Shoe Polishes^ heather DressingSj etc.^ p, 6.) 

(Pottery, Bricks, Tiles,' Glass, etc.) 

MODERN BRICEMAKING. By Alfred B. Sbarlb, 
Royal 8vo. 440 pages. 260 Illustrations. Price 12 b. 6d. net. 
(Post free, Ids. Id. home; Ids. 7d. abroad.) 

THE MANUAL OP PRACTICAL POTTING. Com¬ 
piled by Experts, and Edited by Chas. F. Binns. Fourth Edition, 
Revised and Enlarged. 200 pp. Demy 8vo. Price 178. 6d. net. 
(Post free, 18a. home; ISs. 2d. abroad,) 

POTTERY DECORATING. A Description of all the Pro¬ 
cesses for Decorating Pottery and Porcelain. R. Hainbaoh. 
Translated from the German. Crown 8vo. 260 pp. Twenty- 
two Illustrations. Price 78. 6d. net, (Post free, Ss. home; 
8a. 2d. abroad.) 
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A TREATISE ON CERAMIC INDUSTRIES. A 

Complete Manual for Pottery, Tile, and Brick Manufacturers. Bv 
Emilb Bourry. a Revised Translation from the French, with 
some Critical Notes by Alfred B Searle. Demy 8vo. 308 
Illustrations. 460 pp. Price 128. 6d. net. (Post free, 13s. home, 
13s. 6d. abroad.) 

ARCHITECTURAL POTTERY. Brinks, Tiles, Pipes, 

Enamelled Terra-cottas, Ordinary^ and Incrusted Quarries, Stone¬ 
ware Mosaics, Faiences and Architectural Stoneware. By IiEON 
LEpfivRE. Translated from the French by K. H. Bird, M.A., 
and W. Moore Blnns. With Five Plates. 960 Illustrations in 
the Text, and numerous estimates. 600 pp. Royal 8vo. Price 
15s, net. (Post free, 168. 7d. home, 16s. 4d. abroad.) 

THE ART OP RIVETING GLASS, CHINA AND 
EARTHENWARE. By J. Howorth. Second 
Edition. Paper Cover. Price Is. net. (By post, home or abroad, 
Is. 2d.) 

NOTES ON POTTERY CLAYS. The Distribution, 

Properties, Uses and Analyses of Ball Clays, China Clays and 
China Stone. By Jas. Fairib, F.G.S. 132 pp. Crown 8vo. 
Price 3s. 6d. net. (Post free, 4b. home and abroad.) 

HOW TO ANALYSE CLAY/ By H. M. Ashby. Demy 
8vo. 72 pp. 20 Illustrations. Price 3s. 6d. net. (Post free, 
Ss. lOd. home and abroad.) 

A Reissue of 

THE HISTORY OP THE STAPPORDSHIRE POT- 
TERIES; AND THE RISE AND PROGRESS 
OP THE MANUPACTURE OP POTTERY AND 
PORCELAIN. With References to Genuine Specimens, 
and Notices of Eminent Potters'. By Simeon Shaw. (Originally 
published in 1829.) 265 pp. Demy 8vo. Price 6s. net. (Post 
free, 5 b. 6d. home; 68. lOd. abroad.) 

A Reissue of 

THE CHEMISTRY OP THE SEVERAL NATURAL 
AND ARTIPIOIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUPAOTURING POR¬ 
CELAIN, GLASS AND POTTERY. By Simeon 
Shaw. (Originally published in 1837^) 760 pp. Royal 8vo. 

Price 10s. net. (Post free, 10s. 7d. home; 11s. 6d. abroad.) 

BRITISH POTTERY MARKS. By G. Wooluscroft 
Rheao. Demy 8vo. 810 pp. With over Twelve-hundred Illus¬ 
trations of Marks. Price 7 b. 6d. net. (Post free, Ss. home; 
88. 4d. abroad.) 

For contents of ihek bookSf see List UI, 



Id 

(Glassware, Glass Staining and Painting.) 

RECIPES FOR FLINT GLASS MAKING. By a 

British Glass Master Olid Mixer. Sixty Recipes.^ Lcuvch 

from the Mixing Book of several experts in the Flint OhirtH Trade, 
containing up-to-date recipes ana valuable int’orniution as to 
Crystal, Demi-crystnl and Coloured Glass in its many varieties, 
It contains the recipes for cheap metal suited to pressing, blow- 
ing, etc., as well as the most costly crystal and ruby. Second 
Edition. Crown 8vo. Price lOs. <5d. net. (Post free, lOs. lOd. 
homo and abroad.) 

A TREATISE ON THE ART OP GLASS PAINT¬ 
ING, Prefaced with a Review of Ancient Glass, By 
Ernest R. Suppling. With One Coloured Plate and Thirty- 
seven Illustrations. Demy Svo, 140 pp. Price 7a. Sd. net, 
(Post free, 8s. home and abroad.) 

(Paper Making and Testing.) 

THE PAPER MILL CHEMIST. By Hbnry P. Sti{VKN.s, 
M.A., Ph.D., F.l.C. Royal lj2mo. 60 llluRtrntionfl. 800 pp. 
Price 78. 6d. net, (Post free, 7s. lOd, home; Hs, abroad.) 

THE TREATMENT OP PAPER FOR SPECIAL 
PURPOSES. By L. E, AndjSs. Translated from the 
Gorman. Crown Svo. 48 Illustrations. 260 pp. Price 6is. net, 
(Post free, Gs. 6d. home; 6s. 6d. abroad.) 

(Enamelling on Metal.) 

ENAMELS AND ENAMELLING. Por Bnamel 

Makers, Workers in Gold and Silver, and Manufacturer* of 
Objects of Art. By Paul Randau. Second and Revised 
Edition. Translated from the German. With 16 IlluatratlunK, 
Demy 8vo. 200 pp. Price 10a. 6d. net. (Post free, Us. home; 
118. 2d. abroad.) 

THE ART OF ENAMELLING ON METAL. By 
W. Norman Brown. Second Edition, Revised. Crown Svo. 
60 pp. Price Ss. 6d. net. (Post free, 8$. lOd. home and abroad.) 

(Textile Subjects.) 

THE FINISHING OF TEXTILE FABRICS (Woollen, 
Worsted, Union, and other Clothe). By Robert# Beaumont, 
M.Sc,, M.l.Mcch.B. With 160 Illustrations of PJbren, Yarna 
and Fabrics, also Sectional and other Drawings of Finishing 
Machinery. Demy Svo. 260 pp. Price 10s, 6d. net, (Post free, 
11s. home; lU. 2d. abroad.) 

STANDARD OLOTHB: Structure and Manufacture 
(General, Military and Naval), By Robbrtb Beaumont, M.Sc,, 
M.l.Mech.H. 842 pp. Numerous lilustrations, 16 PJutea in 
Monochrome and Colour. Demy Svo. Price 12s. 6d. net. (i^ost 
free, 18s, home; 13a. 4d. abroad.) 
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FIBRES USED IN TEXTILE AND ALLIED IN¬ 
DUSTRIES. By C. Ainsworth Mitchell, B.A. 
(Oxon.), F.I.C., and R. M. Prideaux, F.I.C. With 66 Illuatra- 
tions, specially drawn direct from the Fibres. Demy 8vo. 
200 pp. Price 7s. 6d. net. (Post free, Ss. home; Ss. 2d. abroad.) 

DRESSINGS AND FINISHINGS FOR TEXTILE 
FABRICS AND THEIR APPLICATION. De¬ 
scription of all the Materials used in Dressing Textiles: Their 
Special Properties, the preparation of Dressings and their em¬ 
ployment in Finishing Linen, Cotton, Woollen and Silk Fabrics. 
Fireproof and Waterproof Dressings, together with the principal 
machinery employee!. Translated from the Third German 
Edition of Friedrich Polleyn. Demy 8vo. 280 pp. Sixty 
Illustrations. Price 7s. 6d. net. (Post free, 88. home; Ss. 2d. 
abroad.) 

POWER-LOOM WEAVING AND YARN NUMBER¬ 
ING, According to Various Systems, with Conversion 
Tables. Translated from the German of Anthon Gruner. With 
Twenty-Six Diagrams In Colours. 150 pp. Crown Svo. Price 
7s. 6d- net. (Post free, 7s lid. home; 88. abroad.) 

TEXTILE RAW MATERIALS AND THEIR CON¬ 
VERSION INTO YARNS. (The Study of the Raw 
Materials and the Technology of the Spinning Process.) By 
Julius Zipsbr. Translated from German by Charles Salter. 
802 Illustrations. SOO pp. Demy Svo. Price lOs. 6d. net. 
(Post free, 11s. Id. home; Us. 8d. abroad.) 

QBAMMAR OF TEXTILE DESIGN. By H. Nisbbt, 

Weaving and Designing Master, Bolton Municipal Technical 
School. Demy Svo. 280 pp. 490 Illustrations and Diagrams. 
Price 6a. net. (Post free, 68. 5d. home; 6s. 8d. abroad.) 

ART NEEDLEWORK AND DESIGN. POINT 
LACE. A Manual of Applied Art for Secondary Schools 
and Continuation Classes. By M. E. Wilkinson. Oblong 
quarto. With 22 Plates. Bound in Art Linen. Price Ss. 6d. 
net, (Post free, 48. home and abroad.) 

HOME LAOE-MAKING. A Handbook for Teachers and 
Pupils. By M. E. W. Milroy. Second Revised Edition. With 
3 Plates and 16 Diagrams. Price 2s 6d. net (Post free, 2s. lOd. 
home and abroad.) 

CHURCH LACE. By M. E. W. Milroy. [/« preparaHon. 

THE CHEMISTRY OP HAT MANUFACTURING. 

Lectures delivered before the Hat Manufacturers' Association. 
By Watson Smith, F.CS., F.I.C Revised and Edited by 
Albert Shone. Crown Svo. 132 pp. 16 Illustrations. Price 
78. 6d. net. (Post free, 7s. lid. home; 8s. abroad.) 

For contents of these hoohs^ see List II, 


j 
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THE TECHNICAL TESTING OP YARNS AND 
TEXTILE FABRICS. With Reference to Official 

Speci 6 catioo 8 . Translated from the German of Dr. J. Herzfeld. 
Second Edition. Sixty-nine Illustrations. 200 pp. Deray Svo. 
Price lOs. 6 d net. (Post free, Us. home; 11s. 2d. abroad.) 

DECORATIVE AND FANCY TEXTILE yABRIOS. 

By R. T. Lord. For Manufacturers and Designers of Carpets, 
Damask, Dress and all Textile Fabrics. 200 pp. Demy Svo. 
132 Designs and Illustrations. Price 7s. 6 d. net (Post free, 
Ss. home; 8 s. 2 d. abroad,) 

THEORY AND PRACTICE OF DAMASK WEAV¬ 
ING. By H. Kinzer and K. Walter. Royal Svo. 
Eighteen Folding Plates. Six Illustrations. Translated from 
the German. 110 pp. Price 8 s. 6 d. net. (Post free, 9s. home; 
9s. 2d. abroad.) 

FAULTS IN THE MANUFACTURE OP WOOLLEN 
GOODS AND THEIR PREVENTION. By 

Nicolas Reiser. Translated from the Second German Edition. 
Crown Svo. Sixty-three Illustrations. 170 pp. Price 58. net. 
(Post free, 58. 5d. home; 6 s. 6 d. abroad.) 

SPINNING AND WEAVING CALCULATIONS, 

especially relating to Woollens. From the German of N. 
Reiser. Thirty-four Illustrations. Tables. 160 pp. Demy 
Svo. 1904. Price 10 s. 6 d.net. (Post free, lls. home; lls. 2 d. 
abroad.) 

WORSTED SPINNERS^ PRACTICAL HANDBOOK. 

By H. Turner. 148 pp, 54 Drawings. Crown Svo. Price 6 s. 
net. (Post free, 6 e, 5d. home; 69 . 6 d. abroad.) 

ANALYSIS OP WOVEN FABRICS. By A. P. Barker,. 

M.Sc., and E. Midoley. Demy Svo. 816 pp. Numerous Tables, 
Examples and 82 Illustrations. Price 78. 6d. net (Post free, 
8 s. home, Ss. 4d. abroad.) 

WATERPROOFING OP FABRICS. By Dr. S. Mier- 

ziNSKi. Second Edition, Revised and Enlarged. Crown Svo, 
140 pp. 29 Ulus. Price Ss. net (Post free, 6s. 5d. home ; 
5s. 6d. abroad.) 

HOW TO MAKE A WOOLLEN MILL PAY. By 

John Mackie. Crown Svo. 76 pp. Price 38. 6 d. net. (Post 
free, Ss. lOd. home and abroad.) 

YARN AND WARP SIZING IN ALL ITS 
BRANCHES. Translated from the German of Carl 
Krbtsohmar. Royal Svo. 123 Illustrations. 160 pp. Price 
lOs. 6d, net, (Post free, lls. home; lls. 4d. abroad.) 

{For “ TexiUi Soap^ and Oils ” see 7.) , 
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(Dyeing, Colour Printing, Matching 
and Dye-stuffs.) 

THE COLOUR PRINTING OP CARPET YARNS. 

Manual for Colour Chemiats and Textile Printers. By David 
Paterson, F.C.S. Seventeen Illuatrationa. 136 pp. Demy 
8vo, Price 7s 6d. net. (Post free, Ss. home and abroad.) 

T£SXTIL£ COLOUR MIXING. By David Paterson, 
F.R.S E., F.C S Formerly published under tlt^e of " Science of 
Colour Mixing Second Revised Edition. Demy 8vo. 140 pp. 
41 Illustrations, with 5 Coloured Plates and 4 Plates showing 
Dyed Specimens Price 7s. 6d. net. (Post free, 88. home; 
8s. 2d. abroad.) 

DYERS* MATERIALS : An Introduction to the Examina¬ 
tion, Evaluation and Application of the most important Sub¬ 
stances used in Dyeing, Pnnting, Bleaching and Finishing. 

Paul Heerhan, Ph.D. Translated from the German by A C5. 
Wright, M.A (Oxon)., B.Sc. (Lond.). Twenty-four Illustrations. 
Crown 8vo 150 pp. Price os. net. (Post free, 5s. 5d. home; 
5s. 6d. abroad) 

COLOUR MATCHING ON TEXTILES. A Manual 

intended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Paterson, F.C S Coloured Frontis¬ 
piece. Twenty-nine Illustrations and Fourteon Speolmens of 
Dyed Fabrlos. Demy 8vo. 132 pp. Price 7s. 6d. net. (Post 
free, Ss. home and abroad.) 

COLOUR: A HANDBOOK OP THE THEORY OP 
COLOUR. By George H. Hurst. With Eleven 
Coloured Plates and Seventy-two Illustrations. Second Edition. 
Demy 8vo 168 pp. Price 73. 6d. net (Post free, 8s. home ; 
Ss 2d. abroad.) 

Beissue of 

THE ART OP DYEING WOOL, SILK AND 
COTTON. Translated from the French of M. Hbllot, 
M. Macquer and M. le Pilbur D’Apligny. First Published in 
English in 1789. Six Plates. Demy 8vo. 446 pp. Price 5s. net. 
(Pos t free , Ss. 6d. h ome; 6 b. 4d. a broad.) 

THE CHEMISTRY OP DYE-STUPPS. By Dr. Georg 
Von Georgievicb. Translated from the Second German Edition. 
412 pp. Demy 8vo. Price 10s. 6d. net (Post free, 11s. home; 
11s 4d. abroad.) 

THE DYEING OP COTTON PABRICS: A Practical 

Handbook for the Dyer and Student. By Franklin Beech, 
Practical Colourist and Chemist. 272 pp. Second Revised 
Edition. Price 10s. 6d. net. (Post free, 11s. home; lls. 2d. 
abroad.) 

THE DYEING OF WOOLLEN PABRICS. By 

Franklin Beech, Practical Colourist and Chemist. Thirty- 
three Illustrations Demy 8vo. 228 pp. Price 7s. 6d. net 
(Post free, 8s. home; 8s. 2d. abroad.) 

For contents of these booksy see List II. 
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(Silk Manufacture.) 

SILK THROWING AND WASTE SILK SPIN- 
NING. By Hollins Rayner. Demy 8vo. 170 pp, 
117 Illustrations. [Revised Edition in preparation. 

(Bleaching: and Bleaching Agents.) 

A FBAGTIGAL TREATISE ON THE BLEAGHING 
OP LINEN AND GOTTON YARN AND FABRICS. 

By L. Tailper, Chemical and Mechanical Engineer. Trans¬ 
lated from the French by John Geddbs McIntosh. Demy 8vo. 
Second Revised Edition. 370 pp. Price ISs. net. (Post free, 
15s. 6d. home; IGs. abroad,) 

MODERN BLEACHING AGENTS AND DETER¬ 
GENTS. By Professor Max Bottler. Translated 
from the German. Crown Svo. 16 Illustrations, 160 pages, 
Price 5s. net. (Post free, 5s. 5d home; 5s. 6d. abroad) 

(Cotton Spinning, Cotton Waste and 
Cotton Combing.) 

GOTTON SPINNING (First Year). By Thomas 
Thornlby, spinning Master, Bolton Technical School 160 pp. 
84 Illustrations Crown Svo. Second Impression. Price 3s. 
net (Post free, 3s. 6d home; 3s. 6cl abroad.) 

GOTTON SPINNING (Intermediate, or Second Year). 

ByT.THORNLEY. Third Edition, Revised and Enlarged. 320 pp. 
114 Drawings. Crown Svo Price 7s 6d. net. (Post free, ^ 
home; 8s. 2d. abroad ) 

GOTTON SPINNING (Honours, or Third Year). By 
T. Thornley 216 pp 74 Illustrations. Crown Svo. Second 
Edition. Price 5s. net. (Post free, 5s. 5d, home; 5s. 6d. abroad.) 

GOTTON COMBING MACHINES. By Thos. Thorn- 

ley, Spinning Master, Technical School, Bolton, Demy Svo. 
117 Illustrations. 800 pp. Price 7s. 6d. net. (Post free, 8s. 
home; Ss. 4d. abroad.) 

GOTTON WASTE : Its Production, Characteristics, 
Regulation, Opening, Carding, Spinning and Weaving. By Thomas 
Thornlby. Demy Svo. 286 pages. 60 Illustrations. Price 78. 6d. 
net (Post free, Ss, home; 8s. ^4d. abroad.) 

THE RING SPINNING FRAME : GUIDE FOR 
OVERLOOKERS AND STUDENTS. By N, Booth. 
Crown Svo. 76 pages. Price 3s. net. (Post free, 3 b. 4d. home 
and abroad.) 

(Plax, Hemp and Jute Spinning.) 
MODERN FLAX, HEMP AND JUTE SPINNING 
AND TWISTING. A Practical Handbook for the use 
of Plax, Hemp and Jute Spinners, Thread, Twine and Rope 
Makers. By Herbert R. Carter. Demy 8vo. 1907. With 92 
Illustrations. 200 pp. Price 78. 6d. net. (Post free, 7s. lid. 
home; Ss. 2d. abroad.) 
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(Collieries and Mines.) 

RECOVERY WORK AFTER PIT FIRES. By RoBBRr 

Lamprecht, Mining Engineer and Manager. Translated froizk 
the German Illustrated by Six large Plates, containing Seventy- 
six Illustrations. 175 pp. Demy 8vo. Price 10s. 6d. net. (Post 
free 11s. home; 11s 2a. abroad.) 

VENTILATION IN MINES. By Robert Wabnbr^ 

Mining Engineer. Translated from the German. Royal 8yo. 
Thirty Plates and Twenty-two Illustrations 240 pp. Price 
lOs 6d. net. (Post free, 11s home; 11s. 6d. abroad.) 

THE ELECTRICAL EQUIPMENT OP COLLIERIES. 

By W. Galloway Duncan and David Penman. Demy 8vo. 
310 pp. 155 Illustrations and Diagrams. Price 10s 6d. net. 
(Post free, lls. home, 11s. 4d. abroad.) 

(Dental Metallurgy.) 

DENTAL METALLURGY- MANUAL FOR STU¬ 
DENTS AND DENTISTS. By A. B. Griffiths,. 

Ph.D. Demy 8vo. Thirty-six Illustrations. 200 pp, Pnce: 
7s. 6d net (Post free, 8s. home; 8s. 2d, abroad.) 

(Engineering and Metallurgy.) 

THE PREVENTION OP SMOKE. Combined with 
the Economical Combustion of Fuel. By W. C Popplewell„ 
M.Sc., A.M Inst, C.E., Consulting Engineer. Forty-six Illus¬ 
trations 190 pp. Demy 8vo Price 79. 6d. net. (Post free,. 
Ss home, 8s 2d. abroad ) 

GAS AND COAL DUST FIRING. A Critical Review 

of the Various Appliances Patented in Germany for this purpose- 
since 1885. By Albert PBtsch 130 pp. Demy 8vo. Trans¬ 
lated from the German. With 103 Illustrations. Price 5s. net. 
(Post free, 5s 5d. home; 5s 6d abroad.) 

THE HARDENING AND TEMPERING OF STEEL 
IN THEORY AND PRACTICE. By Fridolin 
Reiser Translated from the German of the Third Edition. 
Crown 8vo. 120 pp Price 58. net. (Post free, 5s. 4d, home andl 
abroad.) 

SIDEROLOGY: THE SCIENCE OF IRON (The 

Constitution of Iron Alloys and Slags). Translated from 
German of Hanns Freiherr v. JOptner. 350 ly. Demy 8vo. 
Eleven Plates and Ten Illustrations. Price 10s. od, net. (Post 
free, lls home; lls 4d abroad) 

EVAPORATING, CONDENSING AND COOLING 
APPARATUS. Explanations, Formulae and Tables^ 
for Use in Practice By E. Hausbrand, Engineer. Translated 
by A. C. Wright, M.A. (Oxon), B.Sc (Lond.). With Twenty- 
one Illustrations and Seventy-six Tables. Second English Edition 
Revised. With Conversion Diagrams for Converting from Metric- 
to British Units. 400 pp. DemySvo. Prlcel28.6d.net. (Post 
free, 13s. hbme; 18s. 6d. abroad.) 

For contents of these books, see Lists II and III, 



(The Broadway Series of Engineering 
Handbooks.) 

Uniform in Size: Narrow Crown Svo. (Pocket Size,} 
Volume I.— ELEMENTARY PRINOIPJLES OP RE¬ 
INFORCED CONCRETE OONSTRIXOTION. By 

Ewart S Andrews, B Sc. Eng. (Lond.). 200 puges. With S7 
Illustrations. Numerous Tables and Worked Examples. Price 
8s net. (Postfree, 38. 5d home; Ss. 6d. abroad,) 

Volume IL— GAS AND OIL ENGINES. By A. 

Kirschke. Translated and Revised from the German, and 
adapted to British practice. 160 pages. 55 Illuslratioiifl, 
Price 3s. net. (Post free, Ss. 6d. home; 3 h. 6d. abroad,) 

Volume III. -- IRON AND STEEL CONSTRUC¬ 
TIONAL WORK. By K. Schindi-kr. Translated 

and Revised from the German, and adapted to l^ritish practice, 
140 pages. 116 Illustrations, Price 3a, 6d. net. (Post irec, 
Ss. lid. home ; 4 b. abroad.) 

Volume IV.—TOOTHED GEARING. By G, T. White, 

B.So. (Lend.). 220 pages. 136 Illustrations. Price 3s. 6d. net. 
(Post free, 3s. lid. home ; 4 b. abroad.) 

Volume V.—STEAM TURBINES ; Their Theory and 
Construction. By H. Wilda. Translated from the German ; 
Revised and adapted to British practice. 200 pages. 104 Illustra¬ 
tions. Price ds. 6d. net. (Post free, 3s. lid. home ; 4 k. abroad.) 
Volume VI.—CRANES AND HOISTS. Their Construc¬ 
tion and Calculation. By H. Wilda. Translated from the German ; 
revised and adapted to British practice. 163 pages. 399 llluBtra- 
tions. Price 3 b. 6d. net. (Post free, Ss. lid, home; 4 h, abroad.) 

Volume VII.—FOUNDRY MACHINERY. By E. 

Treibbr. Translated from the German ; revised and adapted to 
British practice. 148 pages. 61 IlluBtrations, Price 3 h. 6d. net. 
(Post free, 3s. lid. home ; 4s, abroad.) 

Volume VIII.—MOTOR OAR MECHANISM. By 
W. E. Dommhtt, Wh.Ex., A.M.I.A.E, 200 pages. 102 IlJuHtra- 
tions. Price 3s. 6d, net. (Post free, Ss. lid. home ; 4 h. abroad.) 

Volume IX.— ELEMENTARY PRINCIPLES OF 
ILLUMINATION AND ARTIFICIAL LIGHTING. 

By A. Blok, B.So. 240 pages. 124 Illustrations and Diagrams 
and 1 Folding Plate. Price Ss. 6d. net. (Post irec, Ss. lid. 
home; 48.iabroad.) 

Volume X.—HYDRAULIC S. By E. H. Sprague, 
A.M.I.C.E. 100 pages. With Worked Examples and 89 Illustra¬ 
tions. Price 38. 6d. net. (Post free, Ss. lid, home ; 48. abroad.) 

Volume XI. — ELEMENTARY PRINCIPLES OF 
SURVEYING. By M. T. M. Ormsby, M.I.C.E.I. 

244 pages. With Worked Examples and 136 Illustrations and 
Diagrams, including 4 Folding Plates, Price 4s. net, (Post free, 
48. 6d. home; 4 b. 6a. abroad.) 

Volume XII.—THE SOIBNOE OF WORKS MANAGE- 
MENT. By John Batby. 282 pages. Price 48. net. 
(Post free, 48. 6d. home; 48. 6d. abroad.) 
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Volume XIII.—THE OALCIFLUS FOR ENGINEERS. 

By Ewart S. Andrews, B.Sc.Eng. (Lend.), and H Bryon 
Heywood, D.Sc. (Paris), B.Sc (Lend.), 284 pages. 102 Illustra¬ 
tions. With Tables and Worked Examples Price 4s. net. (Post 
free, 4s. 5d. home; 4s. 6d. abroad ) 

Volume XIV. — LATHES • Their Construction and 
Operation. By G. W. Burley, A.M.I.M.E., Wh Ex. 244 pages. 
200 illustrations. Price 3s. 6d. net. .(Post free, Ss. lid. home, 
4s abroad) 

Volume XV.— STEAM BOILERS AND COMBUS¬ 
TION. By John Batey 220 pages. 18 Diagrams. 
Price 49. net. (Post free, 4s. 5d home, 4s. 6d. abroad.) 

Volume XV I. —REINFORCED CONCRETE IN PRAC¬ 
TICE. By A. Alban H Scott, M S A., M C.I. 190 pp. 
130 Illustrations and Diagrams and 2 Folding Plates. Price 48. 
net. (Post free, 4s 5d. home, 4s 6d abroad ) 

Volume XVII. — STABILITY OF MASONRY. By 

E. H Sprague, A.M.I.C.E. 180 pp. 92 Illustrations. 3 Folding 
Plates and Worked Examples, Price 4s. net. (Post free, 48. Set 
home; 4s 6d. abroad ) 

Volume XVIII.—TESTING OF MACHINE TOOLS. 
By G. W. Burley, Wh.Ex, A.M.I M.E. 240 pp. 110 lllustra- 
tions. Price 48. net. (Post free, 4s. 5d. home , 4s. 6d. abroad.) 

Volume XIX.—BRIDGE FOUNDATIONS. By W. 
Burnside, M.I.C.E. 148 pp. 31 Diagrams. Price 4s. net. (Post 
free, 4s. 4d. home and abroad.) 

Volume XX.—THE STABILITY OF ARCHES. By 

E H. Sprague, AMI C.E. 160 pp. 58 Diagrams. 5 Folding 
Plates Price 4s. net (Post free, 4s. 5d home; 49 6d abroad.) 

Volume XXI. — ELEMENTARY MATHEMATICS 
FOR ENGINEERS. By E. H. Sprague, A.M.I.C.E. 
236 pp. 101 Diagrams. Pnce48.net. (Post free, 48. 4d. home; 
4s. 6d. abroad) 

Volume XXII —THE DESIGN OP MACHINE ELE- 
MENTS By W. G. Dunkley, B.Sc. Volume I 
Forces and Stresses, Shafting and Bearings, Couplings; Springs. 
210 pp. 123 Illustrations and 16 Tables Price 4b. net. (Post 
free, 43. 4d home, 49 6d abroad.) 

Volume XXIII.—THE DESIGN OF MACHINE ELE¬ 
MENTS. By W. G. Dunkley, B.Sc. Volume II. 

Screws and Bolts, Clutches; Belts and Pulleys; Gearing. 220 
pp 122 lUustrations and 15 Tables Price 4s. net (Post free, 
4 b. 4d. home, 49. 6d. abroad.) 

Volume XXIV.—THE CALCULATIONS FOR STEEL- 
FRAME STRUCTURES. By W. C. Cocking, M.C.I., 

M J.Inst E 312 pp. With 78 Illustrations and 6 Folding Plates, 
numerous Worked Examples, and a Complete Series of Calcula¬ 
tions for a Steel-Frame Warehouse. Price 6s. net. (Post free, 
5s 5d. home; Ss. 6d. abroad.) 

For cofttents of these books^ see List III, 
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Volume XXV.—THE DRIVING OF MACHINE 
TOOLS. By Thos. R. Shaw, A.M.l.Mecli.E, 225 pp. 
129 Illustrations and 37 Tables. Price 4s. net, (Post free, 4 h 4d. 
home, 4s. 6d. abroad ) 

[IN PREPARATION.] 

ELEMENTS OF GRAPHIC STATICS. By E. H. SpiUdUit, A.M.I.C.B. 

STRENGTH OF STRUCTURAL ELEMENTS. By B H. .Spua(IUb, A.M.I.C.H. 
GEAR CUTTING. By Q. W. Buklby, Wh.Bx . A.M.I M.l*:. 

MOVING LOADS BY INFLUENCE LINES AMD OTHER METHODS. Uy B. H. 
Spkaouu, A M.l.C.B. 

DRAWING OFFICE PRACTICE. By W. Cr.ni.o. 

ESTIMATING STEELWORK FOR BUILDINGS. By R, 1>. B. Guiui) unU S 
BY1.ANDBR, M C.I 

THE THEORY OP THE CENTRIFUGAL AND TURBO PUMP. By J. Wbu.b 
Cambron. 

STRENGTH OF SHIPS. By Jamt'r Bustram Tuomah 

MACHINE SHOP PRACTICE. By O. W. Buri.kv, Wh.Bx., A.M.X.M.B. 

IRON AND STEEL. By J. S. Qi br Primrorr 
BLBOTRIC TRACTION. By H M Sayurr. 

PRECISION GRINDING MACHINES. By T K. Shaw. 


(Sanitary Plumbing, Metal Work, etc.) 

EXTERNAL PLUMBING WORK. A Treatise on 
Lead Work for Roofs. By John W. Hart, R.P.C. 180 Illustra¬ 
tions. 272 pp. Demy 8vo. Second Hdilion Revised. Price 
7s. 6d. ne£. (Post free, 8s. home; 8s. 2d. abroad.) 

HINTS TO PLUMBEBS ON* JOINT WIPING, PIPE 
BENDING AND LEAD BUBNING. Third Edition, 
Revised and Corrected. By John W. Hart, R.P.C. 1H4 Illus¬ 
trations. 313 pp Demy 8vo. Price 7s. 6d. net. (Post free, 
8 s. home; 8s. 4a. abroad.) 

SANITABY PLUMBING AND DEAINAGE. By 
John W. Hart. Demy 8vo. With 208 llluBtrations. 250 pp. 
1904. Price 78, 6d. net. (Post free, 8s. homo; 8s. 2d. abroad.) 

THE PBINOIPLES OF HOT WATER SUPPLY. By 

John W. Hart, R.P.C. With 129 Illustrations. 177 pp. Demy 
8 vo. Price 7s. 6d. net. (Post free, 8s. homo; 8 b. 2d. abroad.) 

THE PRINCIPLES AND PRAOTIOE OF DIPPING, 
BURNISHING, LACQUERING AND BRONZ- 
ING BRASS WARE. By W. Nohman Buown. 
Revised and Enlarged Edition. Crown 8vo. 48 pp. Price 
38. net. (Post free, Ss. 4d. homo and abroad,) 

A HANDBOOK ON JAPANNING. For Ironware, 
Tinware, and Wood, etc. By William Norman Brown. 
Second Edition. Crown 8vo. 70 pages, 13 lUustrations. Price!" 
3s. 6d. net. (Post free, 8 b. lOd. homo and abroad.) 
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SHEET METAL WORKING. By R Georgi and 
A. Schubert Translated from the German. Demy 8vo. 160 
pages. 125 Drawings and Illustrations. 2 Folding Plates. 
Price 7s. 6d. net. (Post free, 8s. home and abroad.) 

(Electric Wiring, etc.) 

THE DEVELOPMENT OP THE INCANDESCENT 
ELECTRIC LAMP. By G. Basil Barham, A.M.I.E.E. 
Demy 8vo. 200 pages 2 Plates. 25 Illustrations and 10 Tables. 
Price 6s. net. (Post free, 5s. 5d. home ; 5s. 8d. abroad ) 

WIRING CALCULATIONS FOR ELECTRIC 
LIGHT AND POWER INSTALLATIONS. By 
G. W. Lumhis Paterson. Crown 8 vo. 96 pages. 35 Tables 
Price 5s. net. (Post free, Ss. 5d. home , 5s. 6 d. abroad.) 

ELECTRIC WIRING AND PITTING. By Sydney F. 
Walker, R.N., M.I E E., M I'.Min E., A.M.InstC.E, etc., etc. 
Crown 8vo 150 pp With Illustrations and Tables. Price 6s. 
net. (Post free, 5s. 5d. home ; 6s. 6d. abroad.) 

(Agriculture, etc.) 

INSECTICIDES, FUNGICIDES AND WEED¬ 
KILLERS. By E. Bourcart, P.Sc. Translated from 
the French. Demy 8vo. 460 pages, S3 Tables, and 12 Illustra¬ 
tions Price 12s. 6d. net (Post free, 13s. home; 13s. 4d. abroad.) 

HOPS IN THEIR BOTANICAL, AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN 
ARTICLE OF COIt^ERCE. By Emmanuel Gross. 
Translated from the German. 78 Illus. 340 pp. Demy 8Vo. Price 
lOs 6d. net. (Post free, 11s. home ; 11s. 4d. abroad.) 

[For Agricultural Chemistry ^ see /. 9 ,) 

(Wood Products,Timber and Wood Waste.) 

WOOD PRODUCTS: DISTILLATES AND EX- 
TRACTS. By P. DuMESNYand J. Noyeh. Translated 
from the French by Donald Grant. Royal 8vo. 320 pp. 103 
Illustrations and Numerous Tables. Price 10s. 6d. net, (Post 
free, 11s. Id home; 1 Is. 8d. abroad.) 

TIMBER: A Comprehensive Study of Wood in all its 
Aspects (Commercial and Botanical) Translated from the 
French of Paul Charpentier. Royal 8vo 437 pp. 178 Illus¬ 
trations. Price 123. 6d. net (Post free, 13s. home; 13s. 6d. 
abroad.) 

THE UTILISATION OP WOOD WASTE. Trans¬ 
lated from the German of E. Hubbard. Second Revised English 
Edition. Crown 8 vo. 208 pp. 60 Ill us. Price Ss. net. (Post 
free, 5s. 5d home, 5s. 6 d. abroad.) 

(See also Utilisation of Waste Products^ />, 9.) 

For contents of these hoohs^ see List IJI, 
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(Building and Architecture.) 

ORNAMENTAL CEMENT WORK. By Oliver 

Wheatley. Demy 8vo. 83 Illustrations 128 pp. Price Ss. 
net. (Post free, Ss, 6d home ; Ss. CJd. abroad.) 

-THE PREVENTION OP DAMPNESS IN BUILD¬ 
INGS; with Remarks on the Causes, Nature and 
Effects of Saline, Efflorescences and Dry-rot. By Adolf 
Wilhelm Kbim. Iranslatcd from the German. Eight Coloured 
Plates and Thirteen Illustrations. Crown 8vo. 116 pp. Price 
5s. net. (Post free, Ss. 4d. home and abroad ) 

HANDBOOK OP TECHNICAL TERMS USED IN 
ARCHITECTURE AND BUILDING. AND THEIR 
ALLIED TRADES AND SUBJECTS. By Augus¬ 
tine C. Passmore. Demy 8vo. 380 pp. Price 7s. Gd. net, 
(Post free, 8s. home ; 8a, 4d. abroad.) 

(Foods, Drugs and Sweetmeats.) 

J-OOD AND DRUGS. By E. J. Pahry,B.Sc.,F.1.C,,F.C.S. 

Volume 1, The Analysis of Food and Drugs ((Chemical and 
Microscopical). Royal 8vo., 724 pp. Price 21s net. (Post 
free, 21s 7d. home; 22s, Gd. British Colonics; 23s. 3d. other 
Foreign Countries.) 

Volume II. The Sale of Food and Drugs Acts, 1875-19Q7. 
Royal 8vo 184 pp. Price 78. Gd. net. (Post free, Sa. home; 
Ss. 4d. abroad.) 

THE MANUPACTURE OP PRESERVED POODS 
AND. SWEETMEATS. By A. Hausnek. With 

Twenty-eight Illustrations. Translated from the German of the 
third enlarged Edition. Second English Edition. Crown 8vo. 225 
pp. Price 78. Gd. net. (Poat free, 7s. lid home; 8s, abroad.) 

RECIPES FOR THE PRESERVING OP FRUIT, 
VEGETABLES AND MEAT. By E. Waoner. 

Translated from the German. Crown 8vo. 125 pp. With 14 Illus¬ 
trations. Price 5 b. net. (Post free, 5s. 6d, home; 5s, Gd. abroad.) 

(Dyeing Fancy Goods.) 

THE ART OP DYEING AND STAINING MARBLE, 
ARTIFICIAL STONE, BONE, HORN, IVORY 
AND WOOD, AND OP IMITATING ALL SORTS 
OP WOOD. A Practici\l Handbook for the Use of 
Joiners, Turners, Manufacturers of Fancy Goods, Stick and 
Umbrella Makers, Comb Makers, etc. TranHlated from the 
German of D, H. Soxhlbt, Technical Chemist, Crown 8vo. 
1G8 pp. Price 5 b. net. (Post free, 5s. 5d. home; 5s. Gd, abroad.) 

(Celluloid.) 

OELLULOID ; Its l^w Material, Manufacture, Properties 
and Uses. By Dr. Fr. BGckmann, Technical Chemist. Trans¬ 
lated from the Third Revised Gorman Edition. Crown 8vo. 
120 pp. With 49 Illuatrationa. Price Ss, net. (Poat free, 
58, 5d. home; 6 b. Gd. abroad.) 
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(Lithography, Printing and 
Engraving.) 

ART OP LITHOGEAPHY. By H. J. Rhodes. Demy 
Svo, 344 pages. 120 Illustrations. 2 Folding Plates. Copious, 
combined Index and Glossary. Price 10s. 6d. net. (Post free^ 
11s. home ; 11s. 4d. abroad ) 

PRINTEES' AND STATIONERS' READY 
RECKONER AND COMPENDIUM. Compiled by 

Victor Grahaji Crown Svo. 112 pp. 1904 Price Ss. 6d. net. 
(Postfree, 3s lid home, 4s. abroad.) 

ENGRAVING FOR ILLUSTRATION. HISTORI¬ 
CAL AND PRACTICAL NOTES. By J. Kirkbride. 
72 pp Two Plates and 6 Illustrations Crown Svo, Price 
2s. 6a. net. (Post free, 2s. lOd. home and abroad ) 

{For Printing inks, see p. 4 ) 

(Bookbinding.) 

PRACTICAL BOOKBINDING. By Paul Adah. 

Translated from the German. Crown Svo. 180 pp, 127 Illus¬ 
trations. Price 5s. net. (Post free, 5s 5d. home , 5s. 6d. abroad ) 

(Sugar Refining.) 

THE TECHNOLOGY OP SUGAR: Practical Treatise 

on the Modem Methods of Manufacture of Sugar from the Sugar 
Cane and Sugar Beet. By John Geodes McIntosh Third Edi¬ 
tion, Revised and Enlarged. Demy Svo. 540 pages 244 Illustra¬ 
tions. Price 12s. 6d. net (Post free, 13s home; ISs. 6d. abroad.) 

** Evaporating, Condetistng, etc,, Apparatus,'* p. i8.) 

(Emery.) 

EMERY AND THE EMERY INDUSTRY. Trans- 
lated from the German of A. Haenio. Crown Svo. 46 Ulus* 
104 pp. Price 5s. net. (Post free, 5s. 5d. home; Ss. 6d. abroad.) 

(Technical Schools.) 

HANDBOOK TO THE TECHNICAL AND ART 
SCHOOLS AND COLLEGES OF THE UNITED 
KINGDOM. Containing particulars of nearly 1,000 
Technical, Commercial and Art Schools throughout the United 
Kingdom With full particulars of the courses of instruction, 
names of principals, secretaries, etc Demy Svo. 160 pp. Price 
Ss. 6d net. (Post &ee, 4s home and abroad.) 
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